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INTRODUCTION 


^TOoyuH there ia abuA^i evidence of the akill and indtutry of 
Sr tT""* of India m winning gold, extracting and smSdng 
Ac ores of Ae commoner metals and m recovering diamonds from 
depoMts of x^oiis lun^, t^t systematic mii^g, as t£ 

« nnden^ t^ay, had been attempted in IndiiJ Pakistan ™ 
Burma ^fore At last d^des of Ac nincteenA antury. The 
*^^^0 pioneer work on Indian economic geology DubUAcd 

m i88i,^tcs that R^g for metallic ores by^^hli^mmpames 
lad not beensuecssf^up to that time, AoughcoS and salt 
Ae_quarTying of b^dmg materials had been carried 
by Ae Goven^ent and by private concents, wiA in many cases 
very great pro6t. It would seem, however,* he added, ‘ that as 
i» a new ^ about to commence, and that 
Ac capabAtiw of India not only as a gold-producing country 
but also m reference ID oAcr metals, will in Ac course of Ac 
few year? for the first titne fairly t«tcd/ 

Valentine Ball read Ac signs of his time correctly, for later 

years fully justified 

Ac truth of hij predictjoa. Mineral deposits of many kinds were 
discovered and explored; the platitude that Aey were as a whole 
too Itan to support large^e treatment died a natural deaA, 
and aJAough exploitatiot] for a time resulted mainly in the export 
of mw produce to foreign countries, Ac advantages to be gain^ 
by dealmg with them on Ae spot came to be realized, and India 
beg^ to advance to her proper position amongst Ae minerai' 
producing and metallurgical nations of the world. 

^ 1899 Ac growA of prospecting necessiAted the Issue by 
Ac Government m Aat year of ruJea to govern the grant of pros, 
pMtmg iiMccs and mining leases, and the number of concea^ons 
t^n up by jmvate mdividuals and companies, over lands m whi A 
^ mineral rights had been retained by Ae State, rapiAy increased 
from an avetap of 370 per annum for Ae first decade of Ae present 
century to 706, Ac corresponding figure for the ten years ending 
1930. OvCT Ae eight years ending 1938 Ac average had foUeTto 
555 * of wAch nearly half Imd been granted in Burma. The 
reparation of Burma from India took pla!u on i April 10117 and it 
became an independent Union of SAtes In 1948, but Ae Japanere 
invasion in t^a completely shattered its prosperous mining and 
me^lurgical industries, and mtemal unrest has hJAerto pre^ted 
their rettoration to any semblance of their former importance 
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To register the progress of the mineral industry over the whole 
vast region now occupied by India, Pakistan and Biiriiiaj a Rekew 
^ tfu MiTurid Production oj Ir^ia was issued annually by the Reporter 
on Economic PrtiduotB to the Govonment of India for the four 
years 1694-71 decided to publish reviews of 

progress at wider intervaJs, covering periods long enough Co permit 
of the determination of any secular variations. The first of thoc 
revievra, dealing with the six years i89S-[903, appeared in the 
lUt^ds of the Groiagicai Suruejf 0/ India in 1905, and since then quin¬ 
quennial reviews of the same character have been forthcoming. 
In addition to these, a htief annual statement of the quantity and 
value of all the minerals raised, for which retums arc availablej. 
baa appeared in each annual volume of the Records since 1906, 
accompanied of later years by trade statistics which enable 
the consumption of any particular prtxiuct withb the country 
to be ^uged. By the end of 1946 no less dian 2^090 mineral 
concessions had been granted in the area which now constitutes 
the Indian Union, of which 213 were prospecting licences, ipi65 
minijig leases and 712 quarry leases; moreover, these figures refer 
only to Government-owited lands and do not include any conces¬ 
sions granted over zumindari lands or in the Indian States^ This 
great increase was partly due to the siimulus of war and partly 
to the urge to render the country free of imported supplies, 
but it has its dangers when concessionaires am speculators more 
anxious to sell out at a profit than fiiifit their obligations to 
prospect and develop the properties granted to them. 

A girat and growing literature exists on both the acientiEc and 
economic aspects of the mineral deposits of India, Pakistan and 
Burma. Ap^ from the papers scattered through the e^hty^three 
annual volumes of the Rxcofds of the G€o{0gicol Sunr^ of In^ available 
to dat(^ or the monographs devoted to such separate subjects as 
coal, oil, manganese, mica, etc., or again, those dealing with the 
mineral resources of separate States, such as Madras, Oriisa, 
Madhya Pradesh, etc., to be found amongst the eighty volumca 
of the MeTnoiri of the same Dc|wtment, a mass of mfonnatioa 
regarding them is to be found in the forty-six volumes of the 
Tri^actio^ of tAi Mining, Geological und MeSaUurgical InrtitiMU of 
Induif in those of the Gtoiogical^ Mintn^ and MitaUstrgiail SocUij^ of 
Lidia and in many other publications too numerous to be detailed 
here. A synopsis of the literarure available up to 1916 is to be 
found in Fart II of the Bibliogrgpl^ of Indian Gisologj^ and PA^ai 
Gi&graphjff by H. D. La Touche, and this has been kept up to 
date by the publication of lists of iater papers as appendices to 
the Aniiual R^rU of tht Geological Sisro^^ of India. 

But few readers, apart from professional specialists, have either 
the time or the opportunity to srarch for information in a multitude 
of official reports or the transactions of learned socledei, which in 
any case are only obtainable in the larger bhrariei^ For this and 
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oth*r rc^ow, simuiurics of all the salient (acta are needed from 
m which the growth of the mineral Industry iSlf can 
of those others depftident on it for their 
baic^tenals reviewed; its impact on the economic life of iSe 
coui^ gmetdJy (^mned and any likely means of increasing 
Its ^ent for ^etencfit of the community at large indicated. “ 
In igoB Sa Thorny Holland published a Sketch if iht Mntrat 
and m 1533 one of the present authors (Coimn 
Bro^) was ^tnicted by Director of the Geological Su^ 
of India at time, the late Sir Edwin P^scoe, to prepare S 

publish^ by the Oxford University Press, in 
. Its /Ndw of T^qy sena, under the title fndut^s AftWel Wtaltk but 

diS^t ^ mineral'pro* 

thm ft^ nreessary to consider 77. In a greatlv 
second edition of this work written with the apprS^l“f 
; foe Government of India and again published by thi Oxford 
1 Umypity Ptess in 1936. foe total had increased to t to 

About 1900 the total annual value of minerals raised fo India 

animal average of about Rs >0* 
crons {£7 milhon); about igaB, foe correspondins fieurowas 

m^on) and by i^TfoclIst c^pS? 
year bef<^ the outbrt^ of foe second nvorld war, it had risen a^in 
(o some Rs 44 crons (about jf33 miUioii}, to which Burma co^- 
buted approxjimtely Rs 10 crores. Over foe three decides thus 
progress had been achieved; several new 
co^elds had been dewloped; fresh oilfields drilled and fo^ 
of ttistmg onis explored; foe enormous iron ore 
fields of Bihar and Onsia had been proved and a great iron and 
auen^t satellites had been established. 
Metallurgical cen^ had arisen at Maubhandar in Bihar, whm 
the copper ores of Smghbhum were smelted and refined eopUr and 
yellow metal products manufactured, and at Nam Tu in the Shan 
States, where the ores from Bawdwin were made to yield their 
contents iead, siJvcr, copptr, anUjnony and nicfccL and ^Jne 
ronceutrata were ^ prepared. The wolfram deposits of Lower 
^fJurma proved to be of wide extent and richness, while the 
assoaat^ on ore was being recovered both by mining and dredv- 
mg mefoods. The beach sands of Travancore, the largest and 
ndhe?t m mona^tc m the worJd^ were also beinu treated for theh 
rontent of ihnmte and zircon. The goU mines at Kolar were 
lw<^g die d«pj^ in foe world, and India continued to head 
foe list of foe world s mica producers, while her manganese ore 
deposits gave her the same [Msition from tinw to lime. With the 
growth of the iron and sled industry foe demand foi- refractory 
matmals had resulted in foe creation of %varks specializing in foe 
production of such goods, while Indian cement worksatisJied 
mwt of foe country’s needs. In other directions, however. 
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progT^ hod been disappointlngiy slow, and vast quantities of 
msterinls, made in other lands from mineral products obtainable 
in India, continued to be imported. 

Such were the general outlines of the position when the world 
was convulsed by the ombreak of war in 1939. The moaientous 
changes which followed it, the freedom of India froro Bridah control, 
the division of the subcontinent between India andfhktstan in 1947, 
the foundadon of an independent Burma in 1948 and the birth of 
the Republic of India on sS January 1950—great dynastic events of 
such magnitude could not fail to have profound elfecls on the 
mineral industries of the countries Concerned. Y« the total value 
of the minerals and ores produced in the Republic alone conunued 
to increase and had reached a total of over RsBsi crores in 1950 
and Rs 105 crores in 1951. In the case of Pakutan, incomplete 
figures register an increase from over Rs crores in 1948 to more 
than Rs crores in 1950. 

Most of the successful mineral Industries in India, Pakistan and 
Burma today owe their origin to the pioneering explorations of 
the Geological Survey of India which celebrated its centenary in 
1951; yet, before the war in (939, its scientific staff numbered but 
07 officers, called upon to work anv-where from the confines of 
China to those of Iran (and occasionally to cross them), or from 
Travancorc to the froniicis of Tibet and Afghanistan. The 
attitude of the New India towards the development of its minorai 
heritage is revealed in the increase in the cadre of the Survey to 
150 omeers and a total staff of 350, by 1948, as part of a reorgiin> 
taation not yet completed. The whole territory of the Republic 
is now covert by five independent circlo each with its own Survey 
P^ty. In addition to these, two "separate bodies of specialists d ea l 
with the problems of Mineral Elcvelopment and of Engineering 
Geology and Ground Water, the former including geophysicists, 
etc. rhe headquartm of the whole Department, now undca* the 
control of Dr M. S. Krishnan, arc in Calcutta and here al y^ 
the usual laboratories and workshops, drawing office, library and 
museum, as well as the \lineral Information Bureau which pro* 
vides free advice on the usa and processing of raw materials and 
on their availability for any particular purpose. The publication 
of its Journal, Indum Mwrds, now in its sixth volume, conunmiced 
in 1947, its main object being the dissemination in non-techmcal 
language of facts and correct information leUtlng to its title. 

In the Five-year Plan of the Govemmcnl of India the bc^ing 
of the mineral industry on the future industrial progress of the 
country w stressed; furthermore, a definite mineral policy has l u-m 
adopted in wWch both the further investigation of resources and the 
proper appraisal of the known rwerve* have priority. The Mines 
and Minerals Regulation and Development Act became law in 
1948. the obsolete Rules regarding the grant of Mineral 
Concessions were replaced by new ones more in kwping with the 
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in 1949^ A Bureau of Mines was created m order 10 leciire €0» 
ordinated working of leased and prospecting areas under efficient 
technical controlj and to ensure that due regard is p^d to the 
prevention of waste and lo proper principles of consepation^ The 
importance attached to research is sufeicntly indicated by the 
formation of the Fuel Research Institute at Digwadih, near 
Dhanbaidp the National Mctalliugical Laboratory at Jamshedpur^ 
the Central Glass and Ceramics Research Instituto at Calcutta^ the 
Central Elcctro-Qiemical Research Institute at Karaikudi, in 
addition to the National Cbcmicai and Physical Laboratories^ at 
Poona and Delhi respectively. 

In its Statement of Industrial Policy of 0 April 194B, the Govern- 
mcnl of Pahisian indicated that the miner^ iiidust^ would be 
subjected to central planning, a decision which implemented 
‘ by ihc Regulation of Mines and Oilfields and Provincial Develop* 
i ment (Federal Control) Act^ 194B. A Department of Mineral 
Concessions was instituted in June 1949 to adminbter the Act, and 
appropriate Rules governing the grant of prospecting Ucens^ and 
mining leases have been promulgated. The nucleus of the Geolo- 
gtcai Survey of Pakistan was formed in Qu«tta, in 19.^7, by a super- 
unending geologist, six assistant geologists and a few clerks and 
tccbnicLam from the Geolcgical Survey of India; today it contains 
a 5 gazetted officers in a department subordinate to the Ministry of 
Industries. Several valuable reports of its operations have 
already b«n published as Rsco^ds of the Geological Survey of 
Pakistan. 

In the Two-Year Plan of Economic Development of Burma 
issued in April 1940, great emphasis was laid on the devetopmeut 
of mineral tesourccs* It <^'S3 considered that * a sci^tific and 
accurate assessment of the mineral resources of Burma is esrential 
to the evotution of a comprehensive, hilly co-ordinated policy of 
economic development. The means for such an assessment woe 
sadly lacking in the past and this deficiency must be remedied as 
early as possible The Govenunent has planned to eicpand both 
the Geological and Mining Departments. In the Geoiogical 
Department there are at present one Senior Geologist and two 
Junior Geologists. The recruitment of a Deputy Director who 
will later fill the port of the Director and of two Field Geologisa 
has already been sanctioned. In the Mini^_ Department there Is 
now one Mining Adviser and a Jumor Mining Adviser. In the 
the Govcmmcnt engaged, on ay August 1951, an 
American consulting firm lor two years to make a thorough survey 
of the muicral resources of the country. According to its poUcy 
of ‘joint ventures' with foreign interests, stated early in 1951. the 
Burma Corporation has become a joint entt^rise with govern¬ 
mental participation. Later, in 195a, a Mineral Development 
Corporation of Burma was founded to plan the development of all 
the mineral resources of the country. 
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Indi^ minjcral statistici were far tong grouped into two 
those for which appmsdmately trustworthy Fetimu were available^ 
and those for which regular and complete retuma were not forth- 
coming^ This system^ which cotnmenced in 1894^ continued 
until 1938^ but with the efflux of time and the growth of more 
efTficlive measures for collecting production figures^ the number of 
minerals included in the first class gradually increased at the expense 
of those in the second one^ In 1938^ ther^ore, the dual system was 
abandoned^ though it must be admitted that for minerals still won 
by priimdve methods^ though they may fomn the bases of extensive 
industries^, carried on by a large number of persons working on a 
small scale independently^ in a large number of places,, the accuracy 
of the returns still leaves much to be desired. Accurate stattstits 
and diOT timely publication arc essential for the information of 
industrialists and others concerned with the mineral tradcj as well 
as for Gorvemment itself in framing administrative policy and 
planning further development. With the consolidation of the 
pr^Indcpendencc Provinces and the Princely States into the Indian 
Union, and the extension of the Indian Mines Act to ah its terri* 
torics except Jammu and Kashmir^ it has become p<^ible to adopt 
a unifotm system of collection and collation of information, and 
in the near future it wilt be po^ible to obtain a much clearer picture 
of the economics of Indian mirung and the mineral industries than 
at any lime during the past fifty or sixty years. 

Another innovation also appeared in 1938^ when a system 
previously adopted o^y in the case of the Shan States was adopted 
for the vvhole of India. Under this system the values of the raw 
ores and minerals are inflated by the addition of the values of the 
metric products made from some of the ora; for example, the 
total value of the mineral production in 1937 using the older method 
of computation was Rs a 1,40,31433 GCi5,g42,2i3), but under the 
ucwCT one it becomes Rs 304943,161 (£44,928,058), a rise of no 
less LhM 43.8 per cent Such a system is of very doubefuE validity 
and if adopted should logically be extended to every oire and 
minam in the list, but as this is manifestly imposiblc, io order to 
avoid nusmterpretation and confiiskni, it is advisable to 
two lists, one for ores and raw minerals and the other for metals 
felted or products made from them, in cases where accurate 
fi^ra of their production are obtainable. This is the method 
wtuch happily has been followed in more recent annual reports of 
Indian mineral production. Another cogent reason the 
collection of accurate mineral statistics lies in the fhet that without 
them the correct assessment of royalty is not possible. The rate 
orrey^ty genemlly assessable on the variotis minerals produced in 

tfc ti, • til* pit** mouth, 

thou^ m the case of the ores of iron, lead, zinc and%pper the 

™ h»her, Jjd,g d>c uUniiiu. rue 

the total revenue from this source payable to the various State 
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Govcmmcata and Zamrndarb increased from approximately 
Rs crorci in 1949 to Es4 mm in 1950 and B^Si crora in 1951^ 
the myalty on petrolcuEn xing omitted in the two latter years. 

In the table on pp. xx*xxi, the average annual values of a 
series o( minerals and their products bdonging to the hnt clw are 
tabulated over a series of eleven periods^ ranging from 1B98 to 1951 
and thus representing roughly hmf a century of progress, Hie only 
ones which, appearing early in the Ust^ have disappeared eritirely 
from it, are the antimoiiial lead, nickel speis^ dn ore* amber, 
jadeite and rubies from Burma, thoagh the marked reduction of 
values for silver, lead, wolfram, zinc concentrati!^ and petroleum, 
a^cr the period 1934 to 193&, Is due to the same cause, for at the 
time of the separation of the two countries Burma was responsible 
for about 23 per cent of the total value. The separation of Pakistan 
did not have the same effect, for in 1^6, the last complete year 
before that change took place, the Indian Union alone produced 
approximately 97 per cent of the combined total value of the 
r^eral production of both countries, the chief items on the debit 
side as far as India was concerned, after separation, being petroleum, 
salt and other natural compounds of sodium, chromite and gypsum. 
Such mineral statistics as are available for Burma and Pakistan 
since they became independent lands, are not included in the table 
but arc to be found in later pages under the titles of the particular 
minerals concerned. 

Collections of statisdds of this kind are of internal, comparative 
^'aluc only, as mdicadons of general trade trends. When compared 
with the absolute values of the mineral products of other countries, 
they are liable to be mbtcading without further explanation. As 
examples: the value of the coal raised over by far the greater part 
of the whole period, represents an approximate pit’s mouth Sgure, 
which bore little resemblance to its selling pnee in the Indian 
market. The value of the petroleum too was for many years 
greatly underestimated. The figures given for salt are exclusive 
of its duty, the principal value of the commodity to the Govem- 
ment of the day, and over a long period equal to sevm times the 
' production ’ ^we. The export values attributed to mica were 
not connected in any apparent way with the declared produedou 
values at the mines. The figures for jadeite arc not complele, and 
those for rubies and associated gems represent the output of a 
single European company, as no attempt was ever made to tabulate 
the results of a fiourishing indigenous industry. Further inslanca 
might be added, but these win suffice to demonstrate the necessity 
of a separate analysis tn each case before any attempt is made to 
visualize friture tendencies. 

Developments of major importance in the last few years indude 
the connexion of unworked coalfields with the railway system, the 
introduction of measures for the conservation of coking coals* 
the discovery of an extensive lignite field in Madras, of 
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new oilficicb in the Wesi Ptmja^b and of a great gaaScld 
in Baluchistani the revival of lead and zinc c>re Timin g in 
Rajasthan, the smelting of lead ores m Bihar and of antimony 
ores from Chinal in Bombay^ the maiiguration of aluminium 
produedon, the proof of the continuation of the manganese Ores of 
Madhya Pradesh in depth, the revivaJ of gold mining in Hyderabad, 
the introduction of modem methods of mining and recovery into 
the diamond field of Vindhya Pradesh, the discovery of emeralds in 
Rajaithan^ the manufacture of ammonium sulphate on a great 
scale in Bihar, die produedon of ferro^allays in MysorCt die opening 
i>f ^ f^cto^ to proMB the uranium and thoriuiii-b^riDg rare earth 
mincraU m Travanoore, and of another to mahe dtaniiim white 
from ilmenite, the gro^vlh of the alkali industry and the marked 
progrcM of the cement, rtiraclory^ ceramic and glass industries. 
Atteution may also be drawn to the proposals to increase the 
produedon of pig iron, steel and ferro-alloys of various kinds^ to 
the iQBtalladon of large oil refineries^ to the decision to erect atomic 
reactors^ to the many hydro-electric projects either under con- 
strutdon or contouplateu, and to the extended utilization of the 
ipound water supplies of both India and Pakistan^ In Burma, it 
is propi^d to explore the coalfields of the CHndwin valley, and the 
association of the Government of that country with the companies 
to whom the oilfields and the silver-lead-zmc^opper ore depoafts 
of the Shan States are teased, augurs well for their L ttire progress. 

Much remains to be done ^ great tracts of territory sdll await 
dciaiJed geological mapping and prospecting In aU three countries^ 
asj for example, in the grrat mincfali^ zone of the Himalayas, at 
present only va^cly outlined from various occuiFcnces of the ores 
of a number of non-fenous metals in Sitki^ Kepal, Kumaun, 
Garhwal* the Kulu valley, Kashmir and Chitml, or, a^lu, in the 

E robable continuation of the wolfram and tin ore-be^ang belt of 
urma, stretching fiom Loww Teoasserim through Karenni into 
the Sonthem Shan States, and in other areas &vourable for ore 
deposition in the Burma-China fronder tracts. Hiese are by 
no mt^ the onl^ n^ons awaiting mvesdgadon by the economic 
geologist. In their own mterestSr exploratory work of this Idnd 
demands initiad cm, guidance and control by the Govermuents con- 
if adequately couipp^ and financed private enterpri^ 
fails in the task, for though no single country can hope tn be entirely 
self-sufficient in stmtcgic minc^, there is room for coaddcrablc 
improvement of cxbdng conditions. 

In the which follow each useful mineral found hitherto 
in India, Burma or Pakistan is consid^ed individually, Its chief 
occujieaccs iitc brieSy describedj the histoey of its f nirtiTn.T irji^[ 
exploitation is nutljned, tables and graphs of produedon and values 
are included when: necessary, and, with the exception of the 
comis^cr metals, its uses in modem industry are explained. 
MetaUurgica] processes are considered in cases where they have 



been incroducedr comparkom made berween indigedmia and im¬ 
ported articles where they are essentia] to the proper appreciation 
of the economic position* and, for the benefit of those on 
whom the t2uk of searching for new deposits now lies, short notes 
on the Important questions of origin have bem incorporated. 
Both authors of thb book have spent many years in the investi-^ 
gadon and study of the mineral deposits described and Connected 
subjects, and they are convinced that such knowledge is the Biin::st 
foundation for succcssfiil held work. They also accept responsi¬ 
bility for statements regarding the future development of any par¬ 
ticular n^eral induscry* unless the opinions of others are quotedT 
In view of the urgent necessity of increasing food supplies^ 
chapters dealing with the geolpgical aspects of soil formation and 
of water suppUes have been added. The bearii^ of the former on 
this problem is self-evident and needs no emphasb t regarding the 
latter, A. H. Kaznip in a recent report on the Water Supply of 
Baiuchistanp has v^rittenr * There can be no progress in ibis Pt'O' 
viMCp whether social* educational* economic or otherwise* unless 
luJ table attention is paid to the development of her most precious 
mineral ^ water." The best means of directing such attention are 
also matters of grave concern in the arid tracts of the Indian 
Peninsula and in the Dry Zone of Burma. Geologists can render 
much a^istance in tl^ study of such problems and this is the reason 
for a brief consideration of the principles involved here* 

In a conspectus of this kind informatioo has to be dmAsm from 
many sources and m case of unintentioria] omission of acknow* 
ledgement in its proper place* our thanks are tendered here to all 
past and present oflScers of the Geological Surveys of India^ Pakistan 
and Burma, and to thoK others whose work has been utilized. 
To the Chief Geologists of the leading oil companies operating in 
Burma, Assam and Pakistan, Mr P. Evans and Dr E. S. Pinfold* 
and their ungrudging help* is largely due the section on petroleum* 
the moat authentic short account of the oildelds concerned yet 
available. The publication of the book would have been impossible 
without the official sanction which was kindly obtained for us by Dr 
W, D. West, to whom and the authorities conccfncd we are indeed 
grateful. To Dr West*^® successor* Dr M. S. Kriahnan, Director 
of the Geological Survey of India* we arc particularly indebted 
for his interest in Its pi%paratioa and his unfinling assistance in 
our endeavours to make it as authoritative and up-to-date as 
possible- In order to supply accurate particulara of the manifold 
u» of the metals and minerals concerned, including many new 
applications which have become established during fmd since the 
last war* it has been necessary to consult many specialists, manu¬ 
facturers and Government Departments in India, die United King¬ 
dom, Canada* Australia and the United States* and it is pleasing 
to record that we have received the fulleit co-operation in every 
instance. 
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In appendices, besides the latest figures of mineral output^ a 
number of references to literature are ^ven, aa they majr prove 
useful to the reader dcsLroui of following a subject further man our 
limited space permits. In some of these^ and in the BuiUtM qf 
&sfiamit Mirteraisj published as VoL LXXVI of the Rmrds of thi 
Geological Sttro^ cf Indio during the last war, the I nd i an producer 
will find explanations of the manner in which manufacturers are 
accustomed to obtain supplies of raw ores and minerabt details 
of the various systems of buying and scUingn, the regulations of the 
mineral trade associadonsj the standard contract forms of metallur¬ 
gical firms and ore dealers, the rccp^nixcd market grades and the 
units of sale, A section of the periodical Indim Mineralt is rcgul^ly 
devoted to Trade and Commercial Intelligence and to a Review 
of the Metal Markets, Herein will also be found accounts of new 
finds a$ they are dtscovered as well as digests of scientific and 
technical progress* both at home and abroad* as it affccti the 
progress ofthe minend industry in India and neighbouring lands. 

The main object of this book is to draw attention to the com¬ 
mercial and industria] potentlaiitLes which the mineral depwti 
of the three countries possess* in the hope that under adminis* 
tratioiis aware of their importancej capital and enterprise win be 
forthcoming in full measure for their mture development,, with all 
that it means for the Lasting advantage of the peoples of India* 
Pakistan and Bunna. 
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CHAPTER I 

THE MINER.\L FUELS 


C»AL 

Coal u India's most valuable lateral product ajid its winaLng 
one of JicT mnre jniportaj|.c in.tiustrjcS'. Over 3'2O>0Oo worlcjcrs &nu 
employment in and about the mines in notmaJ times and over p8 
per cent of the output is consumed in the country. The raitwa^ 
^ the latest users and take approximately one third of the totsd 
They are followed by the iron and steel industi-)', while the remain¬ 
der supplies power for a host of other undertakings, railLi and 
factories of every description. After the United Kingdom India 

15 the larges [ cod-producuig unit of the Commonwealth; thus her 
output of approximately 39*7 million tons in 1946 compares with 
32 tniUiom firom South Africa, (8-3 milUods from Austin and 

16 ■ 7 ziij11io[ 1£ from 

Coal was knenvn to exist in the Raniganj field in 177.1 and was 
actually worked in 1777, though little was done in the way of 
regular mining until 1814. In those early days the coal was trans* 
port^ to OUcutta by boats on the Damodar river, and the com¬ 
pletion of the East Indian Railway to Raniganj in 1855 really 
created the demand for the fuel. As the railway systems extended 
other fields WCTC opened, and by 1881 production had reached 
about ant mUJIon torn aimuaily^ though the imports of coal into 
Ind^ from abfoad atilJ averaged om 800,000 tons for the same 
period, Raapid expansion foUovi'cd. Over two million tons were 
raised in 1890, the export ^dc began to develop^ and by tgoo a 
yearly output of over six jnJUion tons was reached; imports by that 
time had fallen to about 200^000 ions and exports bad increased 
to ne^Iy half a uiiUba tons. (See tables on pp. 75fF4) Later 
stamrics arc arranged in tabular form below, and from them it u 
evident that uninterrupted progress was registered until iqig, with 
Its output of a£^,6:18,037 tons. The decline wliich then set in 
foUowing the Crst tvorld war was due to the cumulative effects of 
many causes^ shortage of railway wagons, inadequacy of labour 
supplies, prolonged strikes and increasiiig imports. At the same 
lime the eolUerics uerc for a period unable to meet the home 
dcuiandj and the prices obtained for good coab from 1920 to 1924 
were the highest received up to that time: indeed in 1921 the 
donj«dc shortage became so acute that exports wett temporarily 
prohibited. Production began to increase again in 1924, and in 
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tgag and 1930 totals of over 23 mil I i nn tons, when the 

effects of a world depression in trade spread over the Lndustry. Ai 
a result of this, prices slumped to such an extent dmi the ao miliioji 
tons raised in 1932 were worth only half the value at the pit-head 
of the 19 million ions raised a decade earlier. Tim state of affairs 
continued until J 936 and by that time pit-head prices liad collapsed 
10 those of the early ycara of the century. A long overdue improve¬ 
ment was regbtCTcd in 1937 and from then onwards prices have 
risen consistently. As the table on p. 75 demonstrates^ production 
of coal has had its nuctuadom, but In spite of the unprecedented 
dUScultlca of transport and distribution caused by the confused 
conditions of the second world war^ die trend in general haa 
been upw'ards, reaching 3Jj6g5i375 tons in 1949 and 32,307,481 
tons in 1950. 

Owing to the division of India on 15 August 1947^ the coalfields 
of Baluclustan^ the North-West Frontier Province and the West 
Punjab passed to Pakistan on tliai date and their production does 
not appear iq the Indian returns from 1947 onwards. For the Ih^e 
years ending 1946, the coalfields of these three regions had contri¬ 
buted an average of l^ ih^ one per cent per annum to the general 
lotalp an amount of little significance to India but of some import¬ 
ance to Pakistan with its coal deffciencies. 

The demands on India’s coal reserv^es are great and growing 
and wm estimated by tlie Indian Coalfields Coimnittec of 1946 as 
likely to increase 10 about 41 million tons per annum from 193& 
onwards* Amongst other recommendations of this Committee 
deseed to fociliiate the ^uired expamion and to reserve the 
coking coals for metallurgies purposeip the following are note¬ 
worthy : the continuation of the Colliery Control Order by which 
prlcea and dUtribution were fixed in 1945; the acquisition by the 
State ofaU coal below 2,500 feet, with s^uitable compensation for 
working mines; the iRtr^uction of various methods of conscr- 
vadon^ including the rcservadon nf the coking coals for the use of 
the iron and steel industry ; the prohibldon of the export of coking 
coals and of their use as bunker fuels on steamships l the oompubory 
introduction of underground sand atowing in mines where it is 
needed i the use of coals of inferior quality for thermal^ electrical 
power production^ and of better-quality non-coking coals La railway 
loconmdvesj the systematic inv^dgation of the physical and 
chemical characteristic of all the known coa] seams, and of the 
problem of the dcsulphurizadon of the Tertiary coking coaU of 
Assam; the reorg^izadon of the existit:^ of the coHccdon 

of mineral stadscioi^ together with various sugg«dons regarding 
the welfare of mining labour and the development of better transport 
facilities. 

India 3 rescrii'es of coal down to ij^ooo feet below the surface, 
in scams not less than four feci in thickneas and containing not more 
than 25 per cent of ash, are beHcvcd to be of the order of 20,000 
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million torts. Of better-quality coals with not more than i6 per 
cent of ash, Ln scams not less than four feet in thickness^, there are 
calculated to be some 5,000 million tons. These estimates refer 
only to coals of Gondwam age, and, in addition to therHj there are 
rcservis of Tertiary coals of the order of 10,000 million tons. As 
workable coal may be found to extend to depths of 4,00a feet, the 
lurtual reserves are probably considerably greater than the figures 
given. Tfie probable reserves of workable Tertiary coal m 
Pakistan were computed recently to be 165^ miliion tons, 

Indians reaerves o-f good coking coals, bowevex* give cause for 
anxiety for most of her Gondwana coals arc of non-coking types. 
The Coalfields Committee estimated the reserves of good coking 
coals at 700 to 750 million torn, which at the present rate of extrac¬ 
tion and whotc^e use for all kinds of purposes will be exhausted 
in some 65 years. Some authorities would double this estimate to 
1,500 or 1,600 midion tons, adding that by blending weak with 
itrungly cuking coals, and careful washing of the inferior grades of 
coking coals, it should be possible to raise the total to 2,000 million 
fonSi This is the final, overall, most optimistic assessment of the 
poflition. In the words of Dr M. S. krbhnan. Director of the 
Geological Survey of India, howewr: Unleas drastic steps are 
taken to curtail the consumption of coking coal for non-metaliurgical 
purpospi the Indian steel industry^ will be reduced to the position 
of having to seek for metallurgical coke from foreign lands." To 
this timely warning may be added the unanimous opimnn of the 
members of the Committee on the Conservation of Metallurgicai 
Coke, that the reserves of 2,000 million tons may well be halved 
unless precautions, particularly compulsory sand stowing, arc 
taken tn the mines themselves, and unless those measures of benc- 
fictation already mentioned arc adopted with the weaker coking 
coals when they reach the snrfejcc. 

The enormous reserves of high-grade iron ores in India, perhaps 
the largest of their kind in the world, contrasted with the compara¬ 
tively low^ reserves of the only fuel by which they can be smelted 
profitably, have troubled geologistj^ and exercised the minds of the 
melallurgLSU of the iron and steel industry for the past thirty yean. 
At present the iron an-d steel works consume million tons of 
coking coal annually, but the country^ as a whole h burning about 
fo million tons of such coal yearly and so reducing the probable 
life of the reserves to ^00 years. Extensions of Indian steel-making 
capacity, how'ever, are already being built, or contcmpbEcd in the 
not riistant future, which will raise its requirements, to 8 miUIon 
tons per annurrL, so chat if used for this purpose alone, die life of the 
reserves would be some 250 years. But if during the next 50 yean 
st«l production is increased tenfold, and as far as Iron ore supplies 
are coneemed there is no reason why this should not be done, the 
coking coal requirements will become 35 miliion tons per annum, 
and ihc probable life of the resen'cs will then be not more than 
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55 years. Tliis is a sumumry of the considered views of die latest 
Cammittee of Enquiry into the subject, and they are again foUoived 
by a reitcradon of the warning that the probable life period may be 
halved tinJcss the conservation measures reconunended are put 
into practice fordiwith* 

Fortunately the posidon is now officially appreciatedn Sand 
stowing of worked^sut areas in (he mines is widely praetbed, both 
aa a measure of conservation and on the grounds of safety. Already 
in t 939 fr ^he Coal Mines Safety (Stowing) Act created a Board to 
administer funds collected for this purpose by the levy of a cess on 
coal and coke- Wider powers stiU are conferred on a new' Coal 
Board citabiished under the Coal Mines (Conserv^don and Safety) 
Ordinance of 195 * 1 which can now en£^ce any measures^ including 
stowi^, which it considers either necessary or desirable. These^ 
combined w ith the more general and rational use of the non-coking 
coals for such purpose aa ihc>' are best suited, the progrest of 
research into the problcmi of Indiaii coal bcneHciadcin by modem 
methods of washing and biendingj together with the fundainenially 
mportant work of resurv'eying and rcclaaaifying the known seams, 
in which the Geological Survey and the Fuel Research Institute 
must shareshould reduce, if not remove, existing apprehensions. 
Moreover, it is sdll possible that sciendBc research may solve the 
problem, for it was announced at the Fourth Empire Mining stud 
Metallurgical Congress, in July 1949, that invtntigatians recently 
made on some of the South African coals, which like those of India 
are of Condwana age, have shown that it is possible to produce a 
^tisfactory coke for use in smelting operations from cools which 
have hitherto been regarded as quite unsuitable for coke manu¬ 
facture. 1 he coking coals of the quality required by the iron and 
* j found in the Raniganj, Jharia, Olridih, and East 

and West Bokaro fields i the semi-cokitig coals come from all these 
ndda, addition, from those of K^anpura and the Kanhan 

Valley* The question of the production of liquid hydrocarbons 
horn coal has received considerable attention in Indm, particularly 
m vim of h& inconsiderable petroleum resources, but the proposal 
to iiUlne t^d^ade, high ash cotaf for this purpose aw'^aits exami- 
Mtion of the high cost foctor involved in the imtial expenditure on 
the plant required. 

Over 98 per cent of the coal is won from the Lower 
t^miwana wks of the Peninsula and the remainder from Tertiary 
outside it. The chief Gondwana exposures am 
^tributcd m lin^ fashion along the valleys of the Damodar and 
hfoWdj, Ac Goda^-ari and the Wardha. The former two 
^ southern Baghtikhand continue to the 

w-cst, on the lower side of the Narmada valley, liidden at intervais 

dSnn^r I>«can Trap fioL^ until they finally 

mainly by faulting, of four great basins of fieshwater 
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deposition w^ich existed over these and probably much more exten- 
sive tracts, in Lower GoudwartH (Permian) times. One such basin 
cDclo^ the areas now drained by the Son^ I>aniQdar and their 
tributaries; a second covered the Chhattisgarh-Mahanadi region; 
a third the Godavori-Wardha Valiev'S and a rourth the Satpura 
region- Coalfields of Lower Gondwana age occur thus in the 
States of West BengnJ^ Sihar, Madbya fVadcshj Hyderabad, 
Vindhya Pradesh, Orissa and Andhra (sjec Map IIJ. As a general 
- rule the coal seams are thick, in some cases exceeding loo feet* 
Quarr^dng on a Large scale is done by mechanical methods hut 
mainly on the outcrops of seaim of inferior quality. Underground 
mining has now attained maximum deptlu of over 3,000 feet, 
and in the past the bord and pillar s^-stcia was usuaUy adopted for 
the extraction of the coal^ but the mtroduction of coal-cutting 
machUies, of which there were over 300 at work in !947, had led 
to the adoption of long wall tnetbods at some colKerics. Greening 
plants designed to give marketable products m the eight siM 
recognized by tbc Indian Mining Asso^don are installed at many 
of the larger collieries. Two large coal washing plants vrith a 
capacity of over two million tons of coal per annum were installeti 
for the Tata Iron ^ Steel Co. Ltd, at West Bokaro in 1951 and 
jamadoha in 1952, and another is under construciian at L^na for 
Messrs Turner, Morrison & Co. Ltd- 

Under various enactnnmis full provision is made for the safety 
and health of the mining labour force. A compulsory provident 
fund scheme to provide for some 250,000 miners in old age is in 
operation. A Coal Mines Labour Wellkre Fund was instituted 
in (944 and derives Its income from cesses on both coal and coke 
dispatches. It is admimstered under such provisions as housing 
hos^taJs and public bcalih of the raining commuiuty generaUy- 
Thc total amount of coal and coke exported from India between 
I goo and 1946^ uielusivc, was 38,694,000 lon^, of which Ceylon 
took 48*3 per cent^ the Straits Settlements 14*3 per cent and a 
number of other countries mainly in eastern Asia under to per cent 
each. The fuU detaiis of the export trade are tabulated on pp. BotC- 
It reached its zenith in 1940 when over two million tons were 
shipped, mainly to Ceylon, Burma, the Straits Settlcmenis, 
Hongkong and China. For the five yean ending 1948 exports 
averaged 420,605 tons per annum, the full destinations of which 
are not available, though with the exception of West Pakistan, 
which began to import coal from India after the dtvirion of tbe 
country, they probably did not differ greatly firom the earlier and 
normal ones. In 1949, of an cxporlcd total of 1,364,963 tons^ 
Pakistan took 38'5 per cent and Ceylon 24-6 per cent, in 1950 
no coal waa exported to Pakistan and exporto fell to 903 jT^ 3 tons, 
of which Ceylon look 32^6 per cent while other deatinadons 
included Japan, Egypt, South Korea and Aden. I^y, Libya, 
Denmark, Argentina and the Uoiicd Kingdom all reedvi^ ludtan 
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coa] in 195*- 'Tbt export of coal from India was ^^.iipciided for a 
tone in 1^49 this gave South Africaii coal^ always a serious 
competitof, unhindered accew to the Far Eastern tnarkeu. In 
September 19149 Govcronient of India took ovw the control 
of aU export traiuactions. It is difficult to fbrecaat the future 
u^d of the export trade. India will need her own coking and 
high-prade gas coaU for her own expanding meiallurgicai and 
chemical industries^ Whether distant foreign markeii will accept 
lower grades will depend in the long mn largely on their processing 
to reliable;, standardized grades at competitive prices; in any event 
geographical proximity to Pakistan and the comparatively short 
Ka leads, as well as long established trade relations with Geylont 
Buima^ Malaya and other countries bordering the Indian Ocean^ 
indicate the natural as well as (be potential markets of the future 
ihoidd they be required. 

The total imports of foreign coal into India between the years 
1900 and 1950, inclusive, amounted to 10,669,761 tons, of which 
^“7 crat came from the United Kingdom and 36*7 per cent 
frcTO South Africa. The statistical data are anal^'scd in the 
table on p. 79, their most striking reature being the dwindling of 
the import trade into insimificance at the end of the period. 
Imfw^of foreign coal into Pakistan arc not included in this table. 

A Coal Grading Board, constituted under an Act of the 
X^g^ture in 1935, provides for the classifieation, erading and 
ccrt^cation ofcoal, p^ictilarly if it U intended for export. A 
certificate of the Grading Board is a guarantee of quality for the 
ovciseas buyer. foUowmg grades fixed by the Board illustrate 

general coznpositjon of various kinds of Indian r o fll 

grades of ^^fDIAN C30AL 


fliQH VoL*mm Coal 


EtmlganJ Serkg 
KaruLpun 


Low VoLA-nut Coal 

JluLfu (Barakir Scrio) 

GtridUi 
fLajanpiu? 

BckirD 

,, . Snicteu Giun 

nsouture. 

I 

lip to hut mjx fxercdUiff 13 % oali, 
ow calories^ inudW 9 % 

Gfunc 11 

Up tfi but not cvcetdmg mth , 
ovtT 6|,ix» Caloric*, under to% 
maunire. 

Gaaeu III 

Any coal from thoe ^ 


-- . GaABB 

Up DO but ELOt CCPHdiCg 
tab, aod over 6,5041 cajgficx. 


up » iMii wrt e^ceediiu t8% 
•ib, lad pwr fljooo dJocic, 











9 


COAL 

Durm^ ihc war and as a guide to the fixation of prices 
waa ^idoptcd^ Under its prnvisions coala 
of the Ranigajij field wth ash and moisture content not execedinjr 
17-5 per cent were classified as Selected Grade A. When die ash 
and moisture content exceeded 17-5 per cent but did not exceed 
ig per cent they were placed In a Selected Grade B, while Grade I 
coals were those in whjch ash and nHiisture combined exceeded 
19 ^ cent but did not exceed $6 per cent. With the exception 
of fhoK of Tmtary age, Indian coala are usually low in sulphur 
phosphorm contents. Typical analyses are given under the 
descriptions of the separate &Ids and general ones in the table 
on p. 75. 

India has a population of over 357 millions and Pakistan of 
some 70 i^UiorWj yet it is doubtfij] if their combined consumplion 
of domestic fuel greatly exceeds one million tons annually. Various 
tffom Imve been made to popularJae the use of soft coke in place of 
the traditional fuel of the home, the burning of which in itself 
comtitutes a grievous loss to the agricultural economy, and in igao 
livislation was enacted providing for the levy of a cess on all toII 
coke dispatched by rail from the coalfields of West Bengal and 
Bihar. The funds obtained from this cc^ are used ibr promoting 
the sale and improving the methods of manufacture of soft coke, the 
demand for which is growing in northern India, for while' the 
average dispatches from the two coalfields concerned over the ten 
yem 1940 to 1^9, inclusive, were 644,430 tons, they amounted to 
1,066,697 •O'!* bi 1949 and rose to 1,350,334 tons in 1950. 

The prt^uction of hard coke for the metailurgiciJ mdustries, 
principally iron and steel, exceeded over 3^ million tons in 1941, and 
for the five yc^s ending 1946 averaged 1,764,373 tons per annum, 
in making "which 11,514,6 Ji tons nf coal were conjumnl. Of this 
tonnage no Jc3S ihan 93*4 ptr cent was drawn from the Jharia field, 
about 4 per cent from Ranigan]^ 1 4 per cent from Giridih, i * j per 
cent from Bokaro and ihc renmindcr from the Namdang Tertiary 
field of Assam. For the four years ending 1950, the average 
annual production of hard coke was i ,^866^335 tons, representing 
2^6314833 ions of coking coal. The production of hard coke in 
1950 was 2^103^2! 2 ions- By-product coking dates from about 
1910 when the first battery of ovens was erected at the KuJti works 
of the BengaJ Iron Co. Today there are fifteen rnstallatlons in 
operation or under construction in India, comprising over 6 m 
ovenSj capable of carbonising some 3^ million tom ofcoa] annually 
and owned either by colliery companies or by the iron and steel 
concerns. The coke^ven gas of the latter is used to heat the steel 
furnaces' of the other by*products. which include benzole and 
aznntonium sulphate, an average of 71,778 tons of coal tar were 
produced in the five yeara endi^ 1950. 

The Coal Measures of the Lower Gondwanas are found in die 
rocks of the Damuda Scries, itself the middle of the three divisions 



TD tK£ AdlNEHAL 

nraldkir, Damuda and Panchci) which forra tht lower part &f the 
System. The Damuda Series itself h subdivided ijiio t^ee Stages 
which are displayed in ihc Raniganj and Jhana coalfields as follow; 


SUBDI\^ISlONS OF THE GOAl-BEAItlNG DAMUDA SERIES 


RuOOjPLNJ Coautelu 

jHjk^tiA Coalfield 

lUniganj Cftil Mcaaura 
£up to 3,4C» feet) 

Rafiafan) Coal Mcasurvi 
{f,QlfO to represented) 

IronilOile Skald 

fiarren Meatura 

(liMO to) 

(^,080 to) 

Bstmltar Coal aluaurci 

Barakar Coal Mcamra 

(up tniz, 100feet) 

(ii,0« fce() 


The BaraiLar Goal Measures of these two fields comprise some 
a,ooo feet of feldspaihic sandstones, eonglomcrates, days, fireclays, 
occasional bands of ironstone and most of the country''^ Lmportmt 
coal seams, and in the central and southern coalfields, not shown 
in the above table, they vary from a few hundred to over i,ooo 
f«i in thickness. The Barren Measures of the Jharia field are 
thicker than indicated^ if they are taken to include certain beds of 
both under-and ovcrijdng stag<» which are coal-bcaring in Raniganj 
but not so in Jharia. 

Over most of the vast icgion occupied by this section of die 
Gondw^ana rocks in Permian times, the aecumulatioTi of the vc^ 
table debris, from which the coal scams were formed^ ceased at 
the end of the Barakar Stage^ and the succeeding strata consist of 
sandstone, shales and ironstones. In the eastern part of what is 
now the Damodar valley'^ ho^vcver* this sequence of barren strata, 
considerably over i,ooo feet thtd^ was followed during Upper 
Penman times by conditions in which coal formation again became 
possible, represented today by the Raniganj Coal Measures, up to 
3,400 fttl thick in the type area firnm which they take their name 
and which are further rcpresenied by a thickness of 1 feet in the 
Jharia field. 

The coals o-f the castem fields of the Damodar valley have been 
grouped by E. R, Gee as follows: 

(fl) Ranioanj Coal Measuhes (upper and middle seams together 
wim the lower seams of the eastern end of the Raniganj field)Non¬ 
caking to poorly cnking, long BamCp bituminous to suh-bituminous 
coals< 

(b) Raj^ganj Coal Measures (of the Jharia field, together with 
scams of the western and middle parts of the Raniganj 
-—Caking to poorly caking, long fiamcp bituminous coals. 
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(^) Barakar CdAi^ N1 easurj 3 rclati\iely short 

namCj bituminoiia coats. 

In the fields of the more western parts of the Damodar valley, 
iiich as HutaTj Oaltotigaiy and otherSp the Barakar coals alter 
in composkion and approach those of the eastern parts of the Rani- 
^nj held; aa snch they become long; flame, bittHiunoua to sub- 
bitummouji types and possess only poorly caking properties. Such 
qualities ^ characterize many of the Barakar scams of the more 
southern fields of the Pcniniula* 

Ash percentages under lo per cent are exceptional for Indian 
run^f-mme coal and 11 to 13 per cent is the normal figure for best 
quality coal in marketable quantity. The Barakar swms of the 
^em fields contain from to 35 per cent of volatile matter and 
5 75 cent of fixed carbon^^ The Raniganj seams range 

from 40 to 4fi per cent of volatile matter and 54 to 60 per cent of 
percentages are calculated on a moisture and 
ash free basis. The coking coals of the Barakar Stage are also 
excellent steam coals, while those of the Ramganj Stage are very 
suitable for gas manufacture* ^ ^ 

Eocene coals of India and Pakistan possess a lignitic 
ch^cter* except in the case of the Jammu fields of Kashmir where 
well matured bituminom tp anthracitic types occur. Many of the 
Assamese coals have less than 5 per cent of ash while those of West 
Punjab and Kashmir usually contain over 10 per cent. Their 
caking properties vary from strongly caking in the case of Assam 
10 Ac poorly caking or non-caking coals of West Punjab etc., but 
umortnnatclyp most of Ac Eocene coals possess unusually high 
percentages of sulphur. As free burning coals^ easily pulverized 
and low in nioistiire^ Aey have high calorific values and have proved 
very suitable for cement manufacture. 


LOWER GONDWANA COALFIELDS 
Brngal, BtiCAft, Orissa 

The coalfields of these three States accounted for 66*7 per cent 
of Ae t,02^ million tom raised in India betw^een 1900 and 1950* 
Itoth years included. The major portion of the Raniganj field 
lies m Ac westerii part of West Bengal and smaller parts of ic 
encroach into Bihar. The more important coalfields of Bihar am 
J^ia, BokarOp Ramgarh and North and South Karanpura, Aough 
there are o Acts of lesser degree* They arc all isolated fragments 
of the once continuous Gondw'analand, faulted down into Ae 
crystalline floor and arranged in a broken band fitrctching roughly 
cast and west along Ae valley of Ac Damodar river. OAer 
fragmetiEs of GondwaMland are found in Ae Mahanadi and 
BrahminJ valleys of Orissa, and al Aough Ac two coalfieJA of Ae 
State—TalchiTp which is partly in Angul, and Rampiir, m 
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Sambalpur, are now acparatcd, it h certain that the coal-bearing 
rocks of both wore at one time connected. The Eampur coalftcld 
lies at the eastern extremity of a further cjttcnsion of the Gondwanaa, 
across Gangpur into Madhya Ptadesh and Rewah. Brief 
description! of the coaifirlds now folio 

Rmigim}. The easternmost of its group, this coal field Ucs from 
120 to 150 miles north-ifc-est of Calcutta, partly in the Birbhum 
and Burdivan districts of West Bengal and partly in the Manbhtim 
district of Bihar. It has an area of 619^ acjnare miles though iis 
eastern Limits^ buried as they are under younger strata^ are not 
definitely known. It was the first coalfield to be worked m India, 
in 1777, and until 1905 was the leading producer. In 1906, its 
outputj then 37 per cent of the Indian total, was surpassed by that 
of Jharla, with 4a per cent. In 1940 it >heldcd 9,344,877 tons, or 
31-B per cent of the totdp and lu 1950^ 10,503,^5 tons, or 3^-76 
per cent; iu total production up to the end of that year being of the 
order of 350 million tons^ 

Its Lower Gondwana rocks arc divided lu ascending order into 
the Talchir. Damuda and Fanchet Scries, and the general clasai- 
fication of the middle, coal-bearing Bamudas into the Barakais 
or Lower Coal Measures^ the Ironstone Shales and the Ranlganj or 
Upper Coal Measures has been given on page jq. In the Lower 
(E^akar] Measures there arc seven Ecparatc coal-bearing horbonsp 
according to Dr E. R. GeCp whose exhaustive memoir on the field 
was pubJiitied in 1932,^ though they are noi all found in every part 
of the field, while the seams themselves vary greatly in thickness 
and to a lesser extent In composidon, as they are traced from one 
area to another. The productive scams include the Ghanch 
Laikdih, Ranmagar, Damagaria and Salanpurj which average 
20 feet in thickness, and like the othersi are known under a variety 
of confusing synonymi in various parts of the field. The productive 
scams of the Raniganj Measures are more numerous and in them 
Gee has correlated nine main coal-bearing horizons* The same 
disorder of seam nomenclature exists, but the more important 
ones include the Dlshargarh (iS feet tJiick), Sanctoria or Potkiali 
{10 to 15 feet), Ghusick (10 to 20 feet) and Raiugan] (10 to 
ao feetj* 

Coals of Barakar age have relaiivcly low moisturei comparatively 
low volatile cotitenii ranging from to 30 per cent, and a high 
proportion of fixed carbon, usually between 52 and 64 per cent, a 
figure about 55 per cent being common. All the seams of 
Barakar Measures are coking coals, while parts of the Laikdih 
and Ramnagar seamSj in particular, yield go^, hard cokes i aU the 
better quality seams give good steam coab. In some parts of the 
field the quality tends to deteriorate owing to a higher ash content^ 
but it should be pc^ible to improve this by suitable cleansing 
methods. 
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TYPICAL ANALYSES OP BARAKjW GOALS (LOWER MEASURES), 
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. Coals of tlw R^gauj ^ Upper Measure* vuiy considerably 
vertically in the sequence latcraJIv in 
individual seams. Compared with the Barakar coals they £ve 
M a i^c, more moisture, which ranges from % to 10 wr c™i 
(though ^e Dis^tgarh scam often contains oijy 1*35 ^ 3 per 
rent), and co^crably higher volatile contents,^ vai^fng in Sm 

f f«el tirtios arc in Si 

fa^ower than thosc_of the coals from the Baralcar Measures. As 
the seams are followed from east to west of the field there is a oro- 
gres^yc mcreaK tn moisture content and their cahina Droueriir* 
dim^h. The Dishaigarh and the Sanctoria-Pomati^i^iiirvicld 
«c^ent gas coah and ftre-buming steam,niisrg LSTndS 
wi^ a *j?P“8ly ca^g fiarakar coal they give hard mctallurtrical 
cokes, The remaining seam, of there UpWhSm^JreTfi^ 
Don-coking or produce only a very «)ft cok^ ^ ettner 
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Gcc estimated the reservea of the EaiuganJ field as rottews 3 


RESERVES OF THE RANIGAjX^ COALFIEUJ (1933) 
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The estLdiates of Voal of inferior quality^ were limited to seams and 
pordona of seams of proved ccoaomic value^ and the term * caking 
coal of superior quall^ * includes not only coab which yield good 
metallurgical coke without adraijtture, hut ^so thoae reserves of 
good co^ which when mixed with a strongly caking^ iow volatile 
coal have proved to yield a good coke* Reccut purveys by A. N, 
Bancijcr and others place the reserves of straight coking coat in the 
Laikdih, Raninagar and Bcgunla seams at a round figure of 
103,000,000 lonS( of which some 84 million ions are recoverable if 
underground stowing is adopted, 

jhena. The Jharia coalfield, with an area of 175 square miles, 
of which (05 square miles are occupied by coal-bearing rocks, Hea 
about 30 miles west of the Raniganj field, and althou^ coal was 
known to occur here before 1858, mining was not undertaken 
icriously until 1894^ ^vhen the field became linked to the railway 
system. From that time productioii ha.^ risen from f 5,000 Eons to a 
maxanum of 12,692,234 tons, or 39-3 per cent of the Indian total, 
in 195OJ the total yidd of the field to the end of that year being 
453^6], 63e tons, oraitdng the two years 1S95 and 1896, for which 
sepamie data are not avatlable* 

As in the case of the Raniganj field, ^e coal-bcarktg Damuda 
rocks of Jharia display a threefold subdivision, though with certain 
important difTcrences. Thus, the Lower or Earakar Measurm^ 
about 2,000 feet thick, contain a far greater total thickness of coal, 
probably exceeding 200 feet* and all of low volatile, coking quality. 
Secondly, the Ironstone Shales of Raniganj are here represented by 
a thick scries of unproductive sandstones termed the Barren 
Measures, and thirdly, above these Barren Measures only the lower 
part of the Upper Measures of the Raniganj sequence occurs in the 
Jharia field and its coal seams are relaUvdy unimportant by 
comparison. Intrusions of mica-peridodte dykes are numerouj 
and have burnt many millions of tons of coal into natural coke or 
jhojna, which* however;, may not be without its ccoaomic value 
in the future. The two groups of Coal Measures are divided into 
the following Stages. 
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THE BARAKAE (LOW-ER} COAL ME:\SURES OF THE JHARIA FtELD 


^0, 4, BHA^AfiASTD STAJQfc 

No. 5. JiALaARA or EaUuUU Staoe . . 
No. Gxaxiaa or Na^ilulei Stada 

No, MgAAfti££i or QotAJCA&ui Staob 


700 10 900 r«t of HtratM^ iht uppcr- 
Tii£»t Eftratara. [ncludei coal tewi 
XVI 10 XVllIp tnainly of mpcriar 
quality* 

350 10 30D feel of iitraii. IneLuda 
icami Xlir to XV^ miinly of 
tupcrioT quality. 

30a to 3^ feet dT itnila. Includes 

seaira VIH to XU, of snodermte 
quality^ except aeam XII u^ich ii 
« good quality. 

50D to boo feet of itratx, the b « l ^l 
brakan. Ineludet ieaird 1 to Vllp 
nuimly d[ infenor quality^ 


Thc&c Barakar Mcaaiircs corttain not Ic39 than 34 separate 
acajns, ^eh with not loa than four feet of eoal^ whiJe many of them 
arc of comiderabk thickness and often exceed twenty feet. In 
some cases two thick seams are separated by only a thin sequence of 
sandstones and shales. In the scams of the J lalgara and Bhagaband 
Stages there exist some of the best cokiiig and steam-raising coals 
of the Republic, and until rccendy the Indian iron and steel mdustry 
depended in great measure on cokes made firom seams XV^ XJ V 
and XIVp with XVII and Xlltp as well as XVIII^ in the order 
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tvamtd. They are * Selected Grade A ’ kinds, bwded bright^ 
dull coals of better quality than any other van^es of ^ndw^ 
aire. vrilh the exceptioa of the taaal &oin 

of the Giridih field. Later it has b™ J^rTthe 

and XI of the Ganeiia Stage, as weU as X>J ^ 

Bhagaband Stage, also contain satisfactory coking coal 

artAS though they generally require careful preparation by washing. 

the RANICANJ (UPP ER) COAL MEASURES OP THE JHARlA FTELP 

Na i. Lohaiti Slid Kwwa tminoaa. ihkkrn* aoo feel, uppenuo^ 

Nb t Jfuniiilia sad Kiunanlili isndflo^ *^''**“**v^ r«rt. i-—' 

,, BMOuWQ fcA and Mmunxeut Cwl Mcanirg, thicfa™ Tao feel, b™L 

At Tehnucha there arc three seams, the uppmnOTt teing 7 

thick and the lower ones 3 to 4 feet thick each. In the Baroangora 
Stage there are seven scams of which three are potentially workabl 
with an average total thickness of <5 to 16 feci. 

In 1934, Sir Cyril Fox calculated die reserves of the field as 

fallowi; . . 
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TflK UtN^RAL PUBtS 

Mucb BttcntiDii has been devoted to this probleni in more srecent 
yean and a Working Paj^ of the Geological Survey of India, after 
ma^g a nw computatioii in 1951, concluded that the reserves of 
coking coal in Jiia still amount to some i ,aoo miliion tom of Selected 
Grades A and B (tnduding 305 nullion tons in unworked areas), 
and some 766 million tons of Grades 1 and II f including 85 million 
tons in unworked areas). It is stressed, however, that without the 
adoption of stowing ^ ^mng proceeds, only 508 million Iona of 
the former and 383 million tom of the latter gn^es arc likely to be 
midup £veii under the best mitiijig practice the Imves are likely 
to amount to one-fifth of the total quantity. A3 regards r^^rves 
of coking coal lying at greater depths than a,ooo feet bdow the 
jur,&ce. Dr Ei R. Gee has suggested that they may be of the order 
of ]|0oo miliion tonsy afler allowing Ibr losses caused by igneous 
rntnisiom and in mining, but until the results of deep boring tesu 
are available, this question must remain highly speculadvcp 

TYPICAL analyses OF JHARIA* LOWER. ^fEASURE^ (BARAKAR) 
GOALS ^ ^ 
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The small area of Barakar rocks at the extreme western end of 
the Jharia field* isolated from it hy a narrow atrip of Talchir strata., 
is sometimes referred to as the Chandrapura eoalfielcL It is but an 
outl/ing fragment^ less than one square mile in extent* and it 
contains tune seams with about lo mJUioii tons of coal* mostly of 
iriferior quality^ 

BakoFo^ Two or three miles west of Jhana lies the Bokaro 
coalfield, occupying an area of a^o square miles in the Hazaribagh 
district of Bihar, and including a long strip of Gondwana rocks 
stretching westwards for 40 tniles, from Chimdih and in the catch¬ 
ment of ihc Bokaro river. Its rock sequence includes some 4,750 
feet of sandstones and shales of Middle Damuda age, coirespondmg 
to the Barren Measures of the Jharia field and Like them containing 
no coal, but diey arc followed downwards by the coaJ-bearing 
Barakar (Low'er Damuda.) Scries* with a total thickness of 4*694 
These Barakar rocka w^crc subdivided by Sir Lewis Fermor as 
follows: 

(d) Upper Sandstones and Shales. 96a feet thick with 6B feet 

of coal in to thin Beams. 

(c) Middle ** ** . a 6 a feet thick with 332 

feet of coal in 6 thick 
seams. 

(A) Lower Grits, ** „ ** . 396 feet thick wi^ 35 feet 

of coal in 7 thin seams, 

(d) Basal Grits and Conglomerates, 13S feet thick 

Later W'ork has proved that the seams vary considerably frorti 
place to place, the most important ones occurring in the ^fiddle 
Stage (c)* and in downward succession comprblng the * A * seam* 
13 feet in thickness* the Kargali seam which vrariea fi-om 41 feet 
to the enormous total of 123 feet, the Bermo seam from 40 to 46 feet 
thick, and the Karo seam which is again remarkable for iia great 
thickness of fix^m 70 to 120 feeu In some localities the Kargali 
seam splits into two secdoos* separated by comparatively narrow 
bauds of rock. As in the case of the other fields of ^e Damodar 
valley already described, dolerite and mica peridodte dykes are 
common iu the Coal Measures, The eastern part of the field has 
been developed to a greater extent than its western secdon and very 
largely by collieries belonging to the State Railwa’^u. 

By 1910 three collieries were under development iu this field 
and Its output jumped from fo ,000 tons to almost 300 '* 000 ' tons 
per annum on the approach of a railway in 1916, through communi- 
cadon being finally established in 1919. CK^er one miUiou tons 
were raised in 1922* or 5-46 of the Indian total for that year* Its 
highest output was 2,775,286 tons (9v34 cent of the total) in 
1946. In 1950, 1^664*960 tons were won* and the total quantity 
of coal from the field up to the end of that year was 55,598*000 
tons, approximately. 
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Up>\ard9 of 90 per cent of the output cojn^ from the Kargali 
and Bokaro coUiedi;^^ the properly of the Indian Government 
Kailwa)^, and to deal vAth the extraordinarily thick seanut^ 
roechanb^ outerop mining^ has been adopted. On the Kaxgali 
seam* which varies bom 70 to i id feet in thickness on this particular 
property* ten electrically or Diesel-driven cx€ 3 mxm operate on a 
scries of four benches, loading direetly fi-om the coal face into 
broad^uge railway wagons. Besides the Kargali se:am, the 
Karo and Bermo scams* with thicknesses of 1 ao and 45 feet rcspec- 
tivelyi occur at these mines. 

It has been estimated that in 15 square miles of the Bokaro field 
there are at least 3^000 million tons of coal of all descriptionSp but 
unfortunately the ash content lends to be high—about J6 per cent 
in the case of the Xargali and over 27 per cent in that of the Betmo 
leam^ which ncvmhdesSj according to A, B. Dutt^ contains some 
220 million^ tons of co^ The Kargali coal can* however* be 
washed to yield a coke acceptable to the iron and 5t«l maken and 
its present t^tvcs are ratimated to be 583 million tons. Se^^cral 
seams of coking coal are known to occur in the western part of the 
field, ranging fi-om 9 to 11 feet in thickness, the proven reserves 
totalling some GS miUion tons with an ash content of about 
15*6 per cent- A modern coabwashing plant, using the Chance 
process, ta in operation in this section for the Tata Iron & Steel 
Company. A typical sample of coal from the Kargali seam of 
West Bokaro contains: moisture 1^6, volatile matter 33-57, 
carbon 58*96 and ash i6»3i ptx cent* 

The Ramgarh coalfield, in the Hazaribagh district, 
lies along the valley of the Damodar river* about 5 miles south-weat 
of Bokaro, and it has an area of some 40 square miles* including 
30 square miles of Barakar Coal Measures- Its more prominent 
seani£ mdude the Upper and Lower Ranta, each averaging ao feet 
in ihic^bos; the Upper and Lower Sugia, 25 and 15 feet thick* 
respectively; the Upper and Lower Semabe^ :i5 and 50 feet thick* 
respectively; and the Upper and Lower Mael seams* 40 to fio feet 
in total thickness^ The coats arc of medium quality and are said 
to be of «:mi-cokmg varieties. The reserves so far proved totaJ 
188 million tons down to relatively shallow' deplha. Production 
from Ramgarh first app^red in the annual returns in 1943, 
and from that time until the end of 1950, 4^6,397 tons had 
been vrom. 

JfoTth tmd Soutft Karanpura, A few mile* west of the Bokaro field 
and in the Upper Damodar valley lie the two coalfields of North 
and South Karnnpun^ with areas of about 475 and 75 square mil® 
respectively. Mapped by T. VV. H. Hugh® of the Geological 
Survey of India, in 1867-8, they were r«urvcyed by A. jowett in 
1915-18, and the Coal Measur® again found to include rocks of 
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both tht Barakar (Lower) and Raniganj (Upper) Serict^ separated^ 
here aa elsewhere, by a Aick series of barren strata. 

The most important scams occur In the Baraltar Series^ which in 
the southern heJd^ Jving in the Hazaribagh district^ has a thickni^ 
of ^,500 feetp of which 2S0 feel arc of coal. Included amon^t 
th«e seanas are the Nakari (7 feet), the Semana (la feet),the Argaffia, 
ranging i n thickness from 50 to i ao feet, and the Si rka, which in some 
eases is feet thick and in others ranges up to 50 feet approxiinately. 

Production commenced in 1925 and rose rapifUy with the 
provision of rail way comunurucadon to a maximum of 97^,695 tons, 
or 3 ■ 35 per cent of the Indian total, in 1947. The to^ output up 
to the end of 1950 was 13,494,877 tons, Hughes esdmattd that 
6,750 million tons of coal were available, while according to Jowett, 
the total quantity of first and second class coal in the Karanpura 
fields must amount to between 5,000 and lo^ooo million tons, to a 
depth of 2jOOD feet. Several open-cast and underground workings 
have been developed by railway companies and others of late years 
in the Argada and Sirka seams of South Karanpura, The coal 
is high in ash—about 30 per cent—but is a useful steaming variety 
which yields a fairly hard coke. Recent estimates put the reserves 
of the Argada and Sirka seams at 450 million tons to a depth of 
1,000 feet, but they arc not included in the official figures of the 
Republic's reserves of good coking coals. 

The North Karanpura field, lying partly in the Hazaribagh and 
partly in the Palaman dianrict, is Imown to contain seteral duck 
coal scams similar to those of &uth Karanpura, but remains to be 
exploited. The economic value of the thin seams of the Upper 
Measures (RaniganJ) of both fields ia doubtful. 

Chcp4 end tikhori. Lying to the north of the Karanpura fields 
and on the Hazaribagh plateau are the two, tiny, unopened 
coalfields of Chope and Itkhori. The coal-bearing Bamkar rocks 
of the former cover less than one square mile and conuirt a seam, 
4 feet thick, of impure coal. The latter, smaller still, has three 
scams, one of which is 8 feet the other 4 feet thick. Hughes 
estimated the rescr%'es at [ | miUion tons of coaL 

Seh^uri;, yalnii and Ktindii Karaia. Forming, as it were, outlieo 
to the great fields of the Diamodar valley proper, and actually in 
the valleys of the Adjai and Barakar rivers^ tribuEaricS of the 
Damodar, are the coalfields of Sahajuri, Jainli, Kundic Karaia 
and Giridih. The three first-named, in the Sanial Parganas, are 
sometimes grouped together as the Dcogarh coalfields and possess 
a combined area of a8| square mites, of which 11 { square ttdles 
are occupied by Barakar rocks. The opinion of T» W. HI Hughes 
in the case of jaind,^ that in any summary of the coal resources of 
India h must occupy a very sutHsrdinaic position, probably appUes 
equally well to aU. 


aa 
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Coal WM obtained from Jainti in *686, but organized mlmng 
date! from 1914; the record output was readied with *55,941 tons, 
in 1919 (0^69 per eent of the Indian total); the total production to 
the end of 1950 was a^Ot 1^751 tons, and that for 195O alone;, 
tons. According to H, S. Dntta, the field contains 5 scams^ all of 
which have been mined at one time or another, while their a\%ra^ 
thickness appears to be about 5. feel* P. IL Chattojecp writing 
in 1934, that 2 million tons of good quality cod were then 

avaikblej of which half Is coking coaL The same geologist esti¬ 
mated ^e w'orkable reserves of the Sahajuri field at 22 million tonS| 
contained la two scams of t8 to 25 feet in thicknesS;, but this coal is 
inferior in quality and high in ash> The Kundit Karaia field 
powsses two thin scams of %'ery inferior coal. 

Giridih^ The Giridib coalfield, in the Hazaribagh district 
of Bihar, was first brought to notice by McClelland in 1848, and 
though its area is only about 11 square milcs^ of which 7 are occu¬ 
pied by Barakar rocks, it has been of great importance by reason 
of its &vpurablt geographical positioii and the fact that it yields 
some of the brat coal in India. S>'stcmatic mining was initiated 
in [851, and its geological survey was undertaken by Hughes in 
t6fi8. A railway reached it in [&71 and its exploitation has 
contmued vigorously since then. 

The principal seams are the Lower Karharbari, varying between 
Id and 24 feet in thickness; the Upper Karharbari, from 4 to lo feci 
thickf and the Bhaddoahj averaguig about 6 feet. There are other 
seams with an aggregate thickn^ of 66 feet, but much of this is of 
poor quality^ The two Karharbari scams have between them 
provided India with much of its finest mctalliirgical coking coal 
in the past. In 1934, Fox estimated the total available coal at 
about 49 million tons^ but os &r as good coking coal is concerned, 
only 17 million tons w'ere left in 1950- For a great many years the 
whole of the Giridih lump coa! was used as locomotive bid by the 
railways, while the slack was converted into coke^ slack coal from 
other fields being brought to the Giridih collieries for their own 
power-raising purposes. 

By ]S8o the output from the field had reached 400,000 tons 
and in 1946^ at 464^656 cons, it was not much greater; in 1950^ 
335^5®! tons were raised^ being I ■ 04 per cent of the total production. 
Its record output WM 950,045 tons (4*2 per cent) in 1919 and from 
1900 to 1950, inclusive, 35,784,440 tons of coal have been taken. 

RqpTiohal To the north of the Damodar valley coal 

measures of Barakar age are exposed over an area of about 70 square 
miles, in a number of small isolated patchea on the western maigio 
of the Rajmahal Hills of eastern Bihar: to the west of them the 
underlying ancient crptalline floor crops out, white above them to 
the east are haflaltic lavas geotly dipping in that direCticHi. They 
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include Hura, near the northern end of the HiUa, with two scarm 
4 and i6 feet thick nspectivcly; Jilbari, where two seams of poor 
coal, one of which is 6 feet thickp have been worked spasmodically 
in the past i Chuparbhlta^ where several seams up to feet in thick¬ 
ness, but all of pcxsr quality, arc known; Pachwara, where coal is 
won on a small scale for local brick burning; the Mabuagarhi 
Tract, about which little is known but which presumably contains 
coa!^ and the Brahmani heldf in which, according to Chakra.va.tti,i 
there arc about 29I miUjon tons of impure coal in a scam, with a 
maximum thickness of 4 feeu V* Ball, as long ago as 1869* calcu¬ 
lated that sio million tons of coal could easily tw won from these 
Adds, but Fox concluded in 1934 that the material is not attractive 
even on a moisture-lree basis. Exploitation is confined to the 
extraction of small quantities of outerdp coal for local uses. The 
production in 1950 was 1,443 tons^ and horn 1898 to the end of that 
year had attained a total of 108^523 tons, omUting the period 1915 
to 1918 for which production arc not available. 

Aitranga^ Hutar mtd Ddtonganj. The main bdt of the coalfields 
of the Deodar valley continues w^twarda into that of the Kod 
river and its tributaries, affluents of the Son, These three fields 
arc often referred to as the Palamau group, from the name of the 
district in which they are situated. Aurangu, with an area of 
over too square miles, was surveyed by Ball in 1878 and then by 
Dunn in 1958, who states that it was described as a " coalfield* 
because it consists of Low^cr Gondwana rocks which contain a few, 
rare, coal hands. The seams^ although up to 40 fei ihi^ consist 
largely of carbonaceous shale and the coal itsdf is so high in ash 
and moisture that its large-scale systematic exploitation b said to 
be doubtful. Be this as it may^ a colliery, at which operations were 
started in 19441 supplies fuel to brick works and cement lactones. 

The Huiar held, ta miles wcsi of Auranga, covers an area of 
about 80 square miles, and five scams are known in its Barakar 
rocks; thin over much of iheir spread but occasionally thickening 
to more than 13 feet. One seam, B feet thicks of first^lass coal u 
known, but most of the others are of lower grade. Dunn estimated 
that over an area of 4 square miles, 32 millioa tons of average, 
Indian'Kjuality coal are a^'nilablc. Known since parts of the 
field have been explored from time to time and it will 
unquestionably attract more attention in futurCi The Sone 
Valley Portland Cement Co. commenced mining at Barichatan in 
1946, in two seams which were originally opened up by the Bengal 
Coal Co. in 1925. The coal, said to contain 31 *4 per cent volatile 
mattcTp 51 *3 per cent fixed carbon and 16-8 per cent of ash, with 
a ealorific value of 6,600 calorics, Is brought to Barwadih railway 
station by ropeway for use in the cement works at Japla. 

In the Daltonganj field the coal-bearing Barakars crop out over 
an area of 3^1 square mi les. Coal was known to occur here in t629» 
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mined between 1842 and 1&4B, and later itlll by the Bengal 
Coal Company whose colliery at Rajbara was wrecked in [857^ 
In those earty dayv the toal was tnmsported by boat down the 
North Koei river, as a railway did not rcaoh the Held until 
A boring, 450 feet deep* near Rajhara, penetrated 14 coal scams 
ranging bnm 6 inches to 5 feet in thickness, but mining has been 
limited to the Rajhara seam which locaUy rcachei a maximum of 
fecU The coal is a non-coking kind and of second-grade quality. 
As in the case of other scmi-cxplorcd fields^ estimates of its reserves 
vary widely and the available amounts will not be known definitely 
until a large-scale geological survey and systematic boring over the 
whole area b undertaken^ AccoFrding to La Touche (t^z) them 
arc about 9 million tons of coal of fair quality in one square mile 
near Rajhara. For many ^'cars production was maintained 
between 70,000 and So^ooo tom per annum i the record year was 
in 1906 when 96^591 tons wicre raised^ but output gradually fell 
away and ceased entirely bettveen 193a and 1937. &twcea 1938 
and 1950 mclustve^ 279,4^ tons Avere won from the two fields of 
Daltonganj and Hutar* Tlie total production of the Palamau 
helds bctis^een tgoo and 1950^ inclusit'e^ w^as 1,744,930 tons. 

Goal-bearing rocks of Damuda age are found in 
the Outer Himala^'an ranges of the Darjeeling district and of other 
regions further to the east, such as Bhutan and some of the lully 
finnlier tracts of north Assam, whem, as fkr as b known, they arc 
of no particular value. Many coal seaim, varying Ln thir’Vni^R finom 
2 to 11 feet, were discovered by R, NLillet^ in 1874, in the 30 miles 
of country between Pankabari and Daling^ The coal iiself is in a 
powdery condition, though F. N. Bose’s later researches, in t&go-i, 
proved that some of it has coking properties. In the Lbh valley, 
near Bagrakoz, coal has been exploited since 1943, at an aimu^ 
rate of 15,000 to ^5,000 tons: the production for the four years 
ending 1950 was 79,022 tons. Thin, steeply dipping seams of 
powdery coal abo MCim in the Phaj^ and Lethi blocks of the 
Kalimpong Forest Division. 

To the north of the DaijeelLng district, in the interior 
ranges of the Lesser HiniaJia^'a of western Sikkko, Lies the Rangit 
Valley held in which Coal Measures of Lower Gondwana age 
extend over an area of 40 or 50 square miles. First visited by 
T. H. D. La Touche in 19091 the significance of Its age was not at 
that time appreciated and it W'as not until 1953, when A. M. N. 
Ghosh publi^ed a preUiniimiy account of his mvesdgaiiom, that 
reliable data of its structure and resources became available. 

The field contains several seams, usually firom 8 to 12 feet thick, 
though one, about thrcisfounks of a mile north-north-east of the 
confluence of the Rishi kfuft^ and the Rangit river, attatiu a thick¬ 
ness of almost 25 feet* The coal, as might be expected from the 
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intensive moimt^in-buiiding movernents in wliicb these Gdndwana 
roclu h^vc rnlcf- n part^ is of a semi-anthracitic character^ an avearage 
analysis of eleven samples from various seams showing moisture 
3^65* volatile matter 8 m3j fixed carbon 57^36 and ash 3O'06 
per ceiit^ It is non-coking, requires a good draught to commenee 
ignition, bums with a short, smokeless flame, provided a draught 
Is mainiamedt and has a i^orific value varying between 3 i 73 ^ 
and [2,335 British Thermal Units with the particular seam testra^ 
According to A^ M. Ghosh at least 240 miHion tons are avail¬ 
able^ assuming a workable thickness of 6 feel. 

Although the southern bounda^ of the Rangit Valley field 
is only about 6 miles north of Daijeeling, it lies some 6*000 feet 
bdow the level of the town and this will necessitate the construction 
of an ae:rial ropeway* unless the use of the coal is to be restricted 
to tea gardens in the neighbourhood of the field. 

Takhir. This coalfield, the most easterly member in the 
^lahanadi-Gondw^lna zone, lies in the valleys of the Brahmanl* 
some 65 miles north-ivcat of Cuttack. The earliest discovery of 
its coal was announced in 1S27* and its first survey was made by 
the Blauford brothers and Theobald, in 1S55* with, disappointing 
results* though they have the disdnclion of forming the subject of 
the fint memoir published by the Geological Survey of India, 
dated 1656* The field covert an area of at least 200 square mileai 
its coal-bearing Damuda Scries is about 1,800 feet thici* is said to 
belong to the Barakar Stage, and is overlain unconformably by 
Upper Gondw^ana racks of the Mahadev'a Series^ 

A systcmaUc drilling campaign conducted by Villicis Ltd of 
Galcutta between igrg and 1923 proved that the productive seams, 
at least in the area examinedp are confined to die lower section of 
the Barakar rocks, but only 11 square miles to the west of Talchir 
town have beat thoroughly prospected and found to contain about 
184! million tons of recoverable coal, after allowing for a loss of 
40 per cent in extraction. Production oommeticcd in 
seams of 9 and 13 feet in thickness, separated by about 12 to 35 feet 
of strata, being mined. The record output was 5*2,375 tons, or 
1^74 per cent of the Indian total in 1941 ^ in 195O* 232,440 tom 
were won and the total amount of coal taken Irom the field up to 
the cud of that year was 7,113,212 tom. Though compafatively 
low in ash* the Talchir coala are non-coking and^ have a high 
moisture content* but they have proved of practical value for 
use as locomotive fuelsi indeed, the Ducibera (Talchir) coUicry 
has been operated by the Indian Government Railways since 

* 937 - 

Rampur-Hm§ir, The Rampur coalfield forms the central part 
of the long t>clt of Lower Gondwana rocb stretching north-west¬ 
wards up the Mahanadi valley into hladhya Pradesh. Lying as 
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it d(M3 across admimstrative boundaries which have themsclvc* 
been changed from iimt to time^ it suffers from a confusing multi¬ 
plicity of iLumes bestowed on all, or parts of itj both by Government 
Deparunents and geologists. Sir Cvril Fox in (934 proposed to 
restrict the name Rampor (or Ib River) coaihcld to its extreme 
eastern tip^ which now Lies in the Sambalpur district of Orissa; to 
separate a narrow strip of its Barakar rocks on die north as the 
Hingir field; to name a similar portion of Barakar rocks on the 
north-west as the South Raigarh fidd; while the main portion 
which lies in Madh^-a Pradesh should, he su^ested^ rctaiti the name 



followed. In any case^r these separate areas of Barakar rocks are 
probably eondniious under the younger Gondwanas which now 
superficially divide them- 

As a whole the field covers some aoo square miles in Sambalpiif 
and Gangpur (Orissa) and about a further soo square miles in 
Raigarh (Madhya Pradesh); the greater part of it has adll to be 
mapped on a laige scale and but little ts known of its real potentia-^ 
litics. Surveys of part of the area were done by V< Ball in 187] and 
t075j and a series of boring made under the superintendence of 
W* iGng between 1884 and 1886 were mol partictilarly encouraging, 
though thick seams of inferior coal were provesd. The accidental 
discovery of a coal scam during sinking operations for the foun¬ 
dations of the railway bridge over the Ib river led to another 
survey by G* F. Reader in 1900^ when four scramsi varying from 
4 to 17 feet in thickness^ were found by boring. The lb Bridge seam* 
however^ was the only one with a low enough ash prrccntagic 10 be 
worth working In T936, Fox calculated that it contains at least 
140 milbon tons of coal within a depth of 600 feet from the surfaccK 
Mining commenced in 19M at the Rampur-Hingir colliery^ while 
a second^ the Ib River colliery;, began operations in J940, The 
highest production was in 194a with i4i6j 733 tons^ while the total 
amount of coal ta^ the field up to the end of 1950 was 
^,430,245 tons. Air-dried coal from the R™ipiir-Hingir colliery 
has the following compositioti! Moisture 9*49 per cmit^ volatile 
matter 37*74 eent^ fixed carbon 49*19 per cent# ash 13* 5& 
per cent- 
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The only coal-bearing rocks of Lower Gondwana age within 
the ilncuts of Vindhya ^desh are those of the Rewah region* 
embracing the coalfields of Umarla, Sohagpur* JobiUa, Korar and 
SingmuU. Of the 1,022*384,245 tons of coal raised m India during 
the first fifty-one ^Tars of the present century^ I3 j 573*735 tons* or 
I "3 cent, were derived Irom the producing fields of Umaria* 
Sohagpur and JohiUa. 
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Umaiia, Deriving its naice from the Unifar river* a tributary 
of the Son, on which it lies 36 miles south-east of Katni^ this field 
was sun^ej^cd by Huf^es bctT^^cen i88t and 1884.^ It has an area 
of 6square milesj but its Barakar rocks^ which contain six coal seanu^ 
dip under younger strata and may be continuous with those of the 
Korar field, three miles away* Of its six seams, four are workable 
and range from 3 to 4*5 feet (No. IV), to 8*5 to 13 feet in the case 
of No. Ill, but the coal is rtladwly high both in moisture and aah. 
Because of ills location on the railway between Kami and Bilaspuri 
the field attracted early attention and mining commenced in r884- 
In 1885, its reserves ^^-cre believed to be 55 million tonsp but in 
1934 Fox calculated the future available supply at 24 million loia. 
The record output was Sim, 285 tons (1 -16 per cent of the total) in 
tjifi, but since then there has been a decline, more than comp^* 
satedp as far as the region as a whole is concerned, by production 
fi?om Sohagpuf and de^'elopmcnis on the Johilla field. The output 
from Umar la in 1950 was 105,603 tons, and the total production 
from 18S4 to 1550 has been 7 r 439»^92 including that from 

Johilla between 1898 and 190a. 

iTorar. The small undeveloped field of Korar, surveyed by 
Hira Lai and Hughes in 1882, has an area ofstjuarc miles 
lies about 7 miles north-by-east of Umaria, Four scams, ranging 
from 4 to 8 feet thick, have been proved by boring to a depth of 
50 feet. 

Sch^gpur^ Sohagpur is the largest of the coaifields of Rewah 
and, as mapped by Hughes in 1880, covers ij6oo sfjuare 
but parts of it which cross the borders into Madhya Pradah ha^’e 
been given separate names* To avoid coniusion it has to be boTM 
in mind that the Jhagrakhand coalfield (see page 29) is but the 
south-eastern comer of the Sohagpur field and that the Sanhat and 
Jhilinili fields (see pp* 29 and 32) am its eastern ^i^ions mto 
Korea and Surguja respectively* As thus reduced the Sohapitr hdd 
occupies about 1,200 square miles in Rewah. Nine-tenths of this 
extensive area is covered by Barakar rocksp and detai^ ^ 
coal outcrops have been given both by Hughes^ and by K. F. Sinor 
(1923)* As far as existing mforTnation goes it ts safe to s^ce that a 
numlwa^ of seam of workable thickness exist, some of which a^ ol 
pronusing quality, while their low dips and great areal extent lead 
to the bdief that when detailed explorations come to be i^e the 
rcserV'cs are likely to amount to very large fimi^. ^ Thus at 
Rajnagar near Dola in the eastemmofli end of the field, m an area 
of 5 square mils leased to Messrs Dalchand ftih^ur Smgh. a 
«>aTTi 5 to 15 feet thick, with 9 to lo per emt ash, is esumated to 
contain about 50 million tons of coal. Another, about 32 feet 
in thickness, exposed in a small portion of the^ leased area, is said 
to contain 13 million tons hut the ash content is 25 to 3^ f**" cent- 
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The loutb-westcjTi part of the field haw r^lwajr conuntmicatiom, 
and mining was comtntnccd on a t o-foot of the BurJiar-Amlci 
area in Soba^ur^ with an output of 131] 174 passed 

the Umaria production in 1924 and reached its peak of 379 * 3^7 
tom (M25 per cent of the total) in 1948, In 1950, 358,988 tons 
were won {1 m 1 per cent) and from the beginning to the cad of 
that year its total raisings amount to 5,961,845 tons. 

Johilta JJfW Fields. The Bamkar Coal Measures occur again in 
two separate tracts in the valley of the Johilla river, near Blrsingh- 
pur, on the Katni-BLlaspur line. The northern area covers 11} 
and the southern one 3i square miles* A few borings in the 
norihcrn area kd Hughes to conclude that at least ao feet of coal 
exist, &om which loo million tons might be available within a depth 
of 500 feet, but this estimate was reduced by Fox to 30 million tom 
in 1934. Later borings were endouru^ng; systematic production 
commenced in 1940 and has steadily mcreas^, reaching 327,392 
tons(i -oj per oentof the Indian total) in 1950, Thit whole recorded 
output up to the end of 1950 was [^6,397 tons, ornltting the small 
production over the yeatis 1898 to 1903^ included in the Umaria 
figures. 

SingrmilL The area of the Smgrauli held, originally surviryed 
by R. D. Oldham and P. N. Dutta about 1895, and later examined 
by K. P. Sinor and A. L. CouUan^ covers aliwut gpoo square miles, 
extending from Rewah into the south-Vi^tcm comer of the 
Mirzapur district of Uttar Pfadesh. Sciiwal ctsaJ scams are known 
to emst, especially near Parari and Naunagar, one of which, 
originally reported to hat-e a thickness of iB feet, has recently been 
found to be 40 feet thick t an exposure located by F. Ahmad, in the 
Pjpraunhi displays over 50 feet of cod and may be an extension 
of the same scam* 

Many ycarx a^ small quandtiw of coal used to be extracted 
and carted to Mirzapur for use on the Ganga river steamer^ 
mdeed a small colliery was working near Kota in 1857, but the 
isoladofi: of the field has hindered its proper exploration let alone 
development* The reserves of the held wiU certainly be very large 
and there is already evidence that some of the coal is of attractive 
quality* The completion of through railway connexion between 
Bar^vadihp to the south of Daltonganj, and Anuppur, on the Katrn- 
Bitaspur line, would enable the Singrauli field to be reached by a 
short feeder line* 


Maoiiya Fuauesh 

The producing coalfields of ^^adhya Pjmdesh accounted for 6 
pCT cent of the tot^ ludiau production of over i ,02a miUion tons of 
coal raised firom 1900 to 1950, though by 1950 alone the proportion 


COAL 39 

had risen to 9-41 per cent 0^31*085,096 tons. The fields laU into 
four natural groups, which include those portions of the Rcfvi^ah- 
Gondwana basin stretching across into Madhya Pradesh; tliosc 
fields lying for the moat part in the valleys of the tributarica of the 
Son, and which form* as it were, a zone joiiuiig the ^vestem prolong¬ 
ation of the Damodar ^-aliey fields to those of the Brahmans 
Mahanadi line; the fields of the Satpura region; and, finally* the 
Wardha valley group, 

GROUP I 

Tlte aecident of a political firontier divides part of the coalfields 
of the Re^s'ah-Gondwana basin which lie in Vindhya Pmdeah fi'om 
their neighbours in Madhya Pradesh, the State formerly known as 
the Central Provinces* Coal-bearing Barakar rocks occupy four 
distinct areas within tlie boundaries of Korea: they comprise about 
416 of its area of 1,647 square miles and are termed the Sanhat* 
Jbagrakhand, Kuraiia-Chirmiri and Korcagarh fields. The two 
former fields are eastern extensions of the great Sohagpur field of 
south Rewah. 

The largest field of the group with its area of 330 square 
milts, the Sanhat field occupies the plateau across the central 
portion of Korea* Survey-ed originally by Hughes and Hira Lai in 
1885, it was re-examined by Fennor in 1914 and by Coulson in 
1923* and although parts of it art Leased for miniiig and othm are 
being prwpcctcd, dcvdopincnt cannot proc^ until railway 
communication is established. According to K. Kh Dut^ about 
33 million tons of selected and firsc-grade co^, 37 miliiond of 
second-grade and at least 22 miUioii tons of inferior coal have 
already been proved. 

Included m these estimates art the re^-^es of certain sea^ 
in the KutJtona, Churcha and Sardih sections of the field, which 
lie on its eastern boundary and about 8 miles further to the west* 
respectively. The first-oanied has a scam of 4^ feet separated 
from a IcMA^cr one, 13 feet in thickness, by 154 ^ of strata. 

This lower has about 9 million tons of selected grade coaL 
In the Churcha section, two seams of 4 ® thickness arc 

capable of yielding 1,700*000 tons of selected coal and i,Boo,ooq 
tons of a slightly lower grade* In the S^ih section about 6 milhon 
tons arc available from a seam approximately ta to 14 feet thick, 
assuming a wO'rkable thickness of fi feet. 11 is anticipated that 
lurthcr prospecting will increase these esumates gready* 

Jluigrdckaiui. The Jhagrakhand field includa some 30 square 
miles of Barakar rocks in the south-west of Korea^^ which are 
continuous north and west with strata of di^e same age in the main 
Sohagpur field- Coulson, who surveyed it in 19231 described three 
toal^bearing horbonsj the lovfcst of which* extending over 4 or 
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5 square miles, he believed contained 30‘B million terns of good 
c(>al per square miJe^ in seams of 4 and 6 feet chidmess. The coaj 
of the second horizon vtras of lower grade, while the lateral extent 
of the highest one was limiied and its seams thin. According to 
K. 1C Dultaj there arc only two seams^ of which the lower^ 5 to 7 feet 
ihicfe^ is of superior quality and workable below' an area of almost 
7 square miles. Some 36 million tons of selected and firat-gr^e 
coals have already been proved in a portion of the northem section 
of the field. Both the JhagrahhaDd an d the Kurasia-Chirmiri 
held, described below, are now in an advanced stage of development 
and are served by a f<^er line from Anuppur on the Bilaspur-Katni 
branch of the Eastern Railway. 

Kttriisia^himiru In 1^84, Hughes gave the name Kunuia 10 
the detached area of 50 square miles of coal-bearing Barakar rocks 
lying within Korea, 4 to 6 miles south of the 5 anhat field; today the 
field is also called the Chirmiri, after the Chirmiri ColU^ started 
m J930- Fermorp after a detailed examination in 19151 wrote of 
ihe considerable quantities of excellent coal in the field as well 
worth the expenditure on boring. This has now taken place and 
six areas m ^e field are today leased for exploiiation. The most 
hnpormnt lease is the Chlnniri Colliery of the Ballarpur Collieries 
Co. Ltd. It comprises an area of 4'75 square miles and mining 
conunenced: in 193^ on a so-foot seamj which now has reserves 
of about 85 million tons. 

The Gorgbela area, about lO square miles in the south-^t, 
leased to the Tata Iron 8 c Steel Co. Lid^ contains according to 
the Company*3 geologistA eleven coal-bearing horiaons : VIII— 
^Duman\ VIIA, Vll—^Kotini\ VIA, VI—*Goighela\ V, 
rV Ap IV— Loharln % IH^ H* I. But there are only four worl^blc 
seams, the Lohnrin (IV) averaging 5 feet in thickness with 1 1 per 
cent the Corghela (VI) 5 to 11 feet w-iih 13 per cent ash: the 
Kotmi (VII) made up of a number of bands aggregating about 
11 feet in thickness and containing 17 per cent ash, and the Duman 
( VII 1 ) exposed on the east at an altitude of about 2,150 feet and 
over with a thickness of about 5 feet and containing iB per cemt 
ash. Tata's Lachman-Jharia lease in the north’-castem part of 
the field has an area of about 2^5 square miles and contains only 
rwo important horizons: the Lachman-Jharia (VIA) of 3 feet 
thickness with 18-5 per tent asih and the Bijota (VLI A) containing 
3 to 17 feet of coal in two bands separated by a parting of sandstone 
or shale, 1 to 7 feet in thickness; the ash content of the Bijora scam 
is about 14 per cent. The total reserve of coal available in the 
Gorghela and Lachman-Jharia areas are of the order of 40 million 
tom. North of Tata's l^chman-Jharia lease, three scams, 7^, €ii 
and 4 feet thick respectively, are exposed bi the Tipkapani 
and according to K. K. Dutta at least 7^5 million tons of coal are 
available here. In the Kurasia Gollleryi a sub-Ieme from Tatars 
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Goi^hela and originally held by the Bombay^ Baroda Sl Central 
Indian Railway Company and now by the Govemment of India 
and producing jince 1932, there are three scan^r Nos. ij 4 and 3 
from the top, with ihickneasca up to 4, 11 and 23, f«t respectively, 
in an area of about i * 25 s(|uare miles. The coal generally is of 
first-class to selected grade m quality^ with 9 to 13 per cent ash^ 
and the total reserves available at the time of writing were of the 
order of 40 railiion tons. The Ghitajhor area (West Ghimiiri 
Colliery) of 1^792 acres in the north of the field, held under lease 
by Indra Singh & Sons Ltd, has a seam loi to 20 feet in thickness 
with 11 per cent ash and reserves of nearly 27 million tons- The 
Bijaunyharia lease (North Ghirmiri Colliery} of the United 
Collieries Ltd has a seam split into three bands with thicknesses 
of 3 to 4 feet, 7 feet and 4 feet respectively from below upwardij 
average ash content being 13 per cent and reserves of coal about 
30 million tons. The New Ponri Hill Colliery of Sir M. Dadabhoy, 
producing since I94*f has reserves of almost 74 million lonsj and 
the SajapaJiar Golhery of the Central India Coalfields Lid^ which 
commenced mining in 1945^ about 9*5 milUon tons. The total 
reserves of the field, as far as they are now knoivti, are 313 million 
tons, a total which may be expected to rise as development proceeds. 
The coal is generally selected grade^ 

Output from the Korea fields, all the coals of which are non- 
coking, commenced with 3,517 tons In 1930 and increased rapidly 
to more than one milLion tons in 1938: the record output was 
in 194a with 1,283,35® (™ 4'®3 Indian 

total); in 1950 it was 1*023*370 tons {3*17 per cent), and 
the total production up to the end of that year was 16,8^,41:2 
tons^ 

Korta^orL The Koreagarh field, with an area of 6 square miles, 
lies 3 miles south-easi of Kurasia-GhirimH. Its two, or possibly 
three, chin seams do not appear to be of much economic 
Importance^ 

GROUP II 

In the next group the coalfields concerned, commencing from 
the north, are Tatapani-Ranikola, Jhilmili and BUrampur, some- 
times referred to as the coalfields of north-cast Surguja, and a number 
of others sometimes classified as the fields of south-west Surguja 
and north-east BLLaspur, and mcluding Lakhanpur, Sendurga, 
Hasdo-RampuFj Mand EUver* Korba and Raigarh. They lie for 
the most part m tributaries of either the Son or the Mahanadi* in 
isolated and inaccessible regions, which caused Uttle attention to 
be paid to them in the past^ The construction of the railway Link, 
however, between Barwadih and Anuppur, conuncnced in 1947* 
w'hich Vi^ tap many of themt has alterra this state of affairs and 
prospecting h^ recently become active^ 
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Th«* two coalfields are fortncd by am 
ttoaratc areas of Damuda rocks, in a tract of Goad wan^ situated 
abwi 15 niilo Hutar coalfield (see page 33) fetween 

the Kanhcr andRchar rirers, northerly flowing tribu tants of the Son, 
in the north-east of Suiguja. As the BaiaW C<^ M^uraa of 

Tatapaniin the north are only separated fromthoreof Ranikoiainmc 

south by a strip of cover rocks belonging to the Panchet and Majto- 
deva Scries, it is legitimate to regard the two as one compound held. 

The Goal Measures crop out over an area of about too aejuare 
miles and they were first cjuunincd by Griesbach in 1878-91 but 
although numerous scams were found, few were of workable 
thickness or quality. l>r A. L. Coulsoa traversed them again in 
1022-3, as geologist accompanying the Central Coalfields Railway 
Survey, without finding any better material. In 1951, however, 
Mukti Nath described a scam, 6 feet thic^ one mile west-north-west 
of Mitgaiii with the following composition: Moisture ]0’9B per 
cent, Volatile Matter 36 ‘46 per cent, Fixed Carbon 44 ■ 06 per wnt. 
Ash 8'50 per cent. Calorific Value 5,911, The possibilities of the 
field will remain doubtfiil until it Is mapped on a large scale and 
tested by borings. 


JAilmili. This coalfield, recogni^ by V. Bali about 187a, 
dcacribcd fi:om his notes by Hughes in 1885, and re-examined by 
Coubon in 1923, forms the eastiam part of the Sohagpur field lying 
within the Jhihili tahii of Sutguja—an area of 71 square miles with 
its 0^ Measures continuous with those of the Sanhat field of 
Korea (sec page 29). In the second edition of this book (1938), 
after referring to the four coal-bearing horkoas the® known, and 
the possible existence of others of good quality, it was stated that no 
estimates of quantities were poa^Ie until the field had been bored. 

In the intervening years thb has been done and four separate 
areas in it leased for mining, particulars of the proved seams being 
tabulated below; 


COAL SEAMS OP TKE JHILVnU FIELD 
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GOAL 33 

The reserves as kaown at present thus ainount to 344 milUoa 
tons. The Goknai aita in the north of the fidd is not yet fully 
proved, but there are geailogicaJ greunda for suspecting the exiatcnce 
nf Horizons III to V at depth which, if proved hy bOTing, will add 
considerably to the reserves. 


Bisrampur, In the Biarampur field of central Sur^ja, V. Ball, 
in 1873, found the Barakar Coal Measures utcndhig over 400 
square miles with good coal in fair abundance, though in his time 
it had been known for at least 25 years. Coulson gave a summaiy 
of such seams as he saw during his traverse in igsto, but in 1936 it 
was only possible to state the obvious facts that a detmlcd ^logical 
survey and borings were necessary before aoy reliable estimates 
could be made. 

During the years 1945-7. 

prospected an area of iflo square miles round Dcjagir, Rhargaon, 
Badauli, Patpahari and Pasang, and found the following sequenw 
of coal hofiaona: Dcjagir, Bcdra, Barbaapur, Khargaon, Tulsi, 
Banki-Raima and Badauli. The last one is referable to the Pasang 
and Patpahari horizons on the west and to the Lainijoba and 
Barkadharia horizons on the east. Only the Badauli, Khargaon 
and Dcjagir are workable. The Badauli contains two hands with 
a sandstone split- The upper band is 14 feet tWek and conmiiu 
5 to 8 per cent Moisture, 34*24 per cent Volatile Matter, 56*56 
per cent Fixed Carbon, 5,922 Calorific Value. The lower one is 
affect with about 5 per cent Moisture, 37*16 per cent Volatile 
Matter. 54*64 p*r Fixed Carbon, B'fio per cent Ash, 5 t 553 
Calorific Value, The Khargaon seam, which is about 5 feet 
thick, contains 38*44 per cent Volatile Matter, 53*40 per emt 
Fixed Carbon, 8-16 per cent Ash, 6,546 Calorific .Va^ue. ;^e 
Dcjagir horizon contains four bands separated by fireclay. The 
bottom ream is 16 feet thick with an average ash content of 13 per 
cent 5,555 Calorific Value. The other three seams have an 
aggregate thickness of about 14 f«t but with higher ash content. 

Bansar. A small area of 10 square nul« of Barakar rocks, lying 
5 miles to the east of Bisrampur, was mapped and n^icd by Hira 
Lai in 1886-9. “ known to contain at least one tlun coal scam 

and deserves thorough re-cxanwriation+ 


LaitlWur. The Lakhanpur field lies to the south of Bisrampur, 
panly in Suiguja and partly in the Bilaspur district. It has an 
kra of 135 square miles and was reconnoitred pa^y by Ball m 
1870-1 a^d p^y by Hira Lai tn 1887-8. Beyond the l^t that 
ses'eral nutcropa of coal seams, ranging firom 3 mick, 

been located, next to nothbg is known ofits possibihties. Much 
thn jajnc applies to most of the remaining ficlda of t^roup i I* to bft 
mentioiied below* 
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PanckbhainL This smal! area of 4| nqiiarc miJcs of coal-beaniig 
rocks of Barakar age, found and named by Him Lai In i 805 “ 6 j lira 
to the west of the Lakhanpur field. It contain* Severn! seams of 
good quality coa]| up to more tl^an ^ feet in thickness. 

Damhamurtda. Another small area of about the same sbe a* 
I^chbhaini, lying further west still and in which Him Lai located 
some thin coal scams. 

Smfurgar. The Sendux^ field, lying five miles west of the 
Hasdo river, a tHbutary of the M^anadi* in northern Bilaspur^ 
has an area of 20 square miles in which seams of 4 feet and 10 feet 
thickness are known fo occur, Hira Lai of the opinion that 
most of the area is underlain by the former scam, but if this is 
halved, the resen'es cannot be lew than 40 million tons. The coal 
is of fifit<]ass quality and further exploration is dratrablcp 

Hasdo-Ranipur, This coalfield spreads from the Rampur 
tappa of Surguja, in die Arand (Rcr) valley^ to beyond the Hasdo 
river, in BiL^pur, and covering an area of nearly 400 square miles, 
partly in that dis^ct and partly in Surguja, It crosses the watershed 
of the Son and Mahanadi rivers* To avoid confusion with the 
Rampur-Hingif field of Orissa (see page'25), it would be pre¬ 
ferable to refer to it as the Hasdo field, the name suggested originally 
by Hiia Lai for i ts greater part. TTie Goal Measures of its easicni 
and south-central sectionsi are sepamLted from those of the Mand 
River and Korba fields by younger rocks* though they arc probably 
condnuous beneath this superficial cover^ The Smdurgar field 
ties beyond its western end and the oudlers of Damkamunda and 
Panchbhaini are Eituated to the north between it and the Lakhanpur 
field, E. R. Gee, wridng in 1945, recaUs that our knowledge of 
this field is very limi ted. Sever^ coal seams of workable thickness 
and variable quality have been observed* but samples from out¬ 
crops are not reliabJe guides to true composition. * Further 
mvesugations\ adds Gee, '‘are obviously necessary to obtain 
anything like a true picture of the position \ 

Msnd Jitpff. The Mand Rivner field lies to the north-west of 
the Rampur-Hingir field (sec page 25), the Supra-Bamkar rocks 
separating them having a minimum width of but 8 milca. It 
derives its name from that of the tributary of the Mahanadi which 
bisects it from north to south, and it has an area of roughly 200 
^uarc miles. Mentioned by Blanford in I StOj explored b)’ Ball 
in 1M2, and bored in preliminary fashion by VV. King and Htra 
Lai in 1886, it is known to possess a large number of coal seams^ but 
owing to the high ash contents of two of them, the Jubilee Scam* 19 
feet thick and the Hina Lai Seam of 13 feet, mvestigadons then 
ceased and attention was directed 10 the Korba field. 
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Korha. A ridgt of Supra-Barakar rotka, under which ihe Coal 
Measures are dotibUcss condiiiiouSj divides ihc vall^ of the Kland 
river frona tKat of the Hasdo, the next Large tributar^’^ of the 
Mahanadi, 16 miles fimher west. This stream travaM the 
Korba coalfield, which also extends into the valleys of its tributaries* 
the Aharan and the Kurung* while a narrow strip of Barafcara on 
the south directly unites it with the Mand River field. 

It covers an area of over 200 square miles, and in 1870 Blanford 
had already found an outcrop exposing 50 feet of coal of good 
quality-. Laht Hira Lai examine the field in 18^7^ when 
several borings were made. Ln mote recent years it received furthv 
attention from prospectors, both Indian and European* but it 
remains undeveloped ihou^ barely 24 miles from the main Line 
of the Bcrigal-N^pur railway. At Korba itself a 70-foot scam 
CTops out on the right bank of the Hasdo just below the town, but 
available analyses of its altcmadons arc not encouraging. A seam, 
150 feet thick* has also been recorded 8 miles to the west of JatraJ, 
itself on the west bank of the Hasdo, south of Korba, and at other 
places. A 5-foot seam of coal of ^?od quality has been found near 
Ghordewa, and another, 20 feet thick, to the north-east of the same 
place. East of the Hasdo, a seam at least 6 fwt in thkknesa exists 
near Rajganiar, the outcrop samples of which containtd under 
10 per cent of ash. There are known to be at least 59 iiuILion tons 
of good eoal available within quite a small while the lower- 
grade reserves must total many hundreds of milhons of tons. The 
field appears to be aingularly free frem dislocations and no igneous 

intrusions have been report™. i ^ u 

The small amounts of coal appearing under ‘ Bilaspur in the 
annual Mineral Returns* over the nine years 1941 
reaching a total of only 20,383 tons* probably come from small 
oultrop quarries on this field. 

Raigarh* As explained on page 25 , Raigarh Is the naiM given 
to that portion of the Rampur-Hingir field of Oris^ winch crosses 
the border mto the north-casicm comer of the Raigarh district of 
Madhya Pradesh* in w^hich it occupies about 200 square miles- It 
was examined by V. Ball in 1871* and ag^ m 1875, but most of 
the seams he found were thin and associated with e^bonaceoia 
shales. It has not beett bored and must await detailed exami¬ 
nation before Its resources can be properly asaitsscd. Small amounts 
of coal have been taken from it abacc 1^33* tnually at ^e rate of 
2j0o0 or 3*000 tons >'carly, the highest amount tons m 

1^40. In 1950, this had fallen to 2 , 35 ^ tons, and the total recorded 
production up to that time was 38,w3 tons- 

South Raigarh. This Is a narrow strip of Baraiar rocka south 
of the Raigarh field and contains so lar as known poor-quality 
coal. 
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GROUP III 

Betwc^ the isolated Majidl:i mass of the Deccan Trap in the 
eait and its main |rcat expanse on the west lie the Gondwana rnckf 
of the Satpura basing in which the Coal Measures appear at intervals 
from under the margins of the younger groups^ ov^ a distance of 
170 miles; particuJarly on the north near Mohpani^ in the 
Narsingiipur district, and in the south in BetuJ and Chhindwara, 
The coalBelds concerned are the following: Mohpani^ in the 
Narsinghpur district; Shahpuri in the Betul district and the fields 
of the Tawa, Kanhan and Pench \^cys; Tawa lying partly in 
Betul and partly in Chhindwara district, as well as in the Narmada 
tmin^ while the others are in Chhind^vara and belong to the 
Goda^'ari river system. Further south there is abundant evidence 
of a concealed coalfield near Kampice in the Nagpur disirtct^ 

Mifhfiant. The exposed Barakar Coal Measures of this, the 
most northerly field of the group^ cover rather more than one 
square mile. Dhtcovered by J* R. Ouscley in 1S35, mining com¬ 
menced in t&fis and continued in the four scams of an area known 
as the Old Field until 190a, the total amount raised being 450,^45 
tons. In iQg: 2 j a second arca^ the New Field, wns dtscovered as a 
result of the work of F, Lh G* Simpson and T. D, La Touche, in 
which seams, aggregating ay feet in thickne^Sj^ spread over a consi¬ 
derable expanse. Up to the end of 1903, when the mines: w^re 
sold by the Narbada Coal & Iron Cki+ Ltd 10 the Great Indian 
Peninsula Railway Co. Ltd, the output from this had b«n 181,060 
tons, and from that date until operations ceased in 1926, a further 
1^402,967 tons had been won* The highest production was reached 
in 1921, with 89,63:3 tons, or 0*47 per cent of that ycarV total. 
The coal was somewhat inferior in quality to the a^-erage Damodar 
valley coal, and for locomotii'e purposes 1 1 tons of Mohpani coal 
were taken aa equivalent to t ton of Bengal coal. It was probably 
this economic reason which led to the closing of the collimcs* for 
although the area of the field is not large, occurring as it does on a 
faulted anticline of Barakar rocks, there are soil, according to Foe, 
some seven miUlon tons of workable coal left in iL 

SAahpuri TwCj ik. The Shahpur fields, with an exposed area 
of about 26 square miles, Uc in the valley of the Tawa. river between 
Betul and Hosbangabad, and their thin coal scams were first 
noticed by J, Finms in 1834* J. G. Mcdlicott, in 1863, and 
BUnford in t86 B, found nmnerous narrow seams, and H- B, 
McdUcott sur\'e>'cd the rcja^on in 1875, but discovered nothing 
likely to be profitable* Bonngs in 18S1 led to no better results, but 
later work about 1920, on the Pathakhera field, an area of about 
16 square miles of Barakar rocks, in die Ranipur reserved forest of 
proved three seams of 4 i» 6 and ^3 thickness respectively* 
lying within aoo to 450 feet of the surface* Accooibg to Fox, 
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the thickest of these is of fair quality aad more or less proved over 
about 3 square ]iii]e3;i io that aiiowm^ a loss <rf 5,0 per cent for 
dykes, fruits and wste in rmningp be eonduded that 15 million 
ions may be Looked on as the available reserve in the soutbem 
and eastern portions* E* R* Gee, writing m corsduded as 

follows: area appears to represent a large tract which 

promises wcLl lo exploiters, certainly the most promising tracts 
so far as our present knowledge goeSp of the Tawa valley eoal-^ 
bearing strata; cDnsideriiig its ncamess^ 7 to lO miles, &om the 
Betul-1 tarsi railway^ it is surprbmg that its exploitadon has not 
already been taken up more enthuiiasdcaily/ 

The remaining small cDalfidds concerned include Sonada, 
Gurgunda or Suki Rivcr^ Mardanptir or Madma Rivefp Dulharaj 
Bandianwara-Khapa and Tandsi* Small quantities of coal have 
been taken horn them for local uses at intervals in the past ; between 
1921 and 19^7, 6,001 10ns were so removed; and between 1938 and 
19431 appeared in the official returns. 

Kanhm The coalfields of the Chhindwam district lie 

on the southern flanks of the Satpuras in the valleys of the Tawa, 
Kanhan and Pench riversp stretching &om close to the Sbahpur 
fields in the west, at intervals in an easterly direction for 50 miles, 
to a point to miles north of Chhindwara itself. They were dis- 
covcTM by Jerdon and R. H. Sankey Ui 183^1 described 
W. T* Blanford in 1866* A. Sopwiih in 1867 and E. J* Jones m 
1S87, sampled by G. V* Hobson in 1924 and resurveyed by Sir 
Cyril Fox and W. D- West in I9a3“5* Officially grouped together 
for stadsdcai purposes as the Penck Valley fields, they are here 
separated, following the clawificadon proposed by Fox in 1934, 
under which the Kanhan VaJlejr fields proper include the 
Damua-KalichhapaTp Ghorawari-Ninikherap Panara^Jinaur, DaUa- 
Jamai and Hingladevi areas* As in the fields of Bctul finrlher 
west, the coal-bcaiing Barakars are overlain in some of them 
by higher stages of the Lower Gondwana succession, notably 
the Motur clays and sandstones and the Bijori sandstones and 
shales. 

On the first of them, a seam of moderate quality* to to 15 
thick, has been mined at the Damua cnliicry since 193^* while 
the Kalichhapor colliery has been in production since iggS* and 
the Rakhikol colliery since 1939. The p:ond tract forms the 
eastward contintiation of the Damua-Kalichhapar outcrop^ and 
on it both Top and Ghorawari scams are mined and quarried at 
the Hirdagarh colliery, which has been producing since t930, and 
the Ghorawari Kalan colliery where work commenced in 1943* 
The Ghorawari seam Is about 15 feet thick^ separated froiO it by 
15 feet of sandstone is another co^ scam 10 feet thick, followed in 
its turn by 4.5 feet of sanckrtone and then by the Bottom seam, again 
JO feet tbicL 


THK MINEItAL FUELS 


38 

Following closely on the Ghof^wari-Nimkhcrft area 19 the 
Panara-Jifiaur Reid where the Ghorawari scam again maJoc^ its 
appearance near ihe village of Panara. It b mm^ near Jinaur 
at the Junnordco colliery where operaUons juried in 1945* The 
Datla-Jamai area has a colliery at Dongaria and a seam of some¬ 
what pcaor qiiality;^ about 5 feet thick^ haa been worked on the 
Hingtadevi hdd near Ghogri. 

As long ago as iSB^^ T. Blanford advised the 
Chief Commissioner of the Central Frovincea (Madhya Pradesh) 
that borings to a depth of ^QO or 250 feet within a few miles of 
Na^ur would settle the question whether the Barakar rocks^ 
whidi be suspected to underlie the thJck alluvia] surface deposits^ 
contained co^ or not. He also indicated several suiuble locations 
for such trials. 

There the matter remained until a few years ago w hen a 30odbot 
borehole searching for water, north of Kanhati railway gtation, 
near Kamptcc, in Nagpur^ cut through sc\'eral coal seams including 
one 21 feet thick, Si feet from ground level, in Barakar rocks 
lying directly bdow the alluvium. This discovery led to further 
borings and is two holes ]ujt west of Kandri^ a few miles to the 
north of Kanhan railway station, seams up to about 29 feet in 
thickness were inlersectedH In these cases lower Kamtht strata 
intcT^^ene between the surface and the coal-bearing Barakar rocks 
and the seams are at depths of from 75 to t^o feet below ground 
level- An analpis of the coal from a shaft sunk later in the same 
neighbourhood shows: Moisture 7*%,^ Volatile Matter 30-90* 
Fixed Carbon 3®"53 ™d Ash 22-72 per cent with a calorific 
valu£ of 9pt40 British Thermal Units. Although a minimum of 
otic million tons of coal is assured here, further exploration is 
desirable on account of the proximity of the concealed field to 
Nagpur. 


ANALYSES OF KANHAN VALLEY COALS 
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Kanhan Valley as a whole, although three or lour coal 
seams of workable thicknesa occur, only onCp states Fox, ti both 
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thick and of good enough quality for profitable expbitatioo, and 
of the mining ha» been confined to this, the topmost of Ute 
group. Moreover, the whole tract is sliced ^ parallel fiiida. so 
that property is usually faced with the problem of working a 
iiSLiTfCiw Strip of bNcarifi^ ground betwMin t}iC‘£ti+ \iucli oi ccjfll 
has coking properties and h of fair quabty generally, though not 
equal to the first-grade c(Kila of the Ranigaoj and Jhana fields- 
A. B. Dutt has recently estimated that in the Ghorawari and 
Daroua-Rakhlkol group of collieries alone there are reserve 
approaching 66 million tons of coal possessing moderately go<^ 
raking properties. A railway extension reached the valley in 
ig [5 and its production la included with that of the Pench Valley, 

Pfnch Valt^, The Pench Valley fields are practically continuous 
with those of the Katihan Valley, indeed some of the coal estposura 
classed by Fox in the eastern end of the latter might equally well 
be included in the former. The geological sequence is identical, 
the Barakar Coal Measures, probably 300 to 400 feet thick, being 
succeeded by a much greater thickness of the Motur sandstone 
and clays, the equivalents of the Barren Measures of the middle 
division of the Damuda Series of the Damodar valley of Bihar and 
West Bengal. The Coal Measures extend in a continuous, easterly 
trending strip from Barkuhi through Chandameta and Parasia 
to the Pench river near Chinda, a distance of 11 miles as ^ 
flics. In addition to this there are disconnected areas of Barakara 
near Gajandoh, eastwards from Eklaira, near Seda, at Sirgora and 

other places, ^ . 

The Barakars, as usual, consist of coarse s.-uid3toncs, cartK^ 
iuu:eou3 shales, grey shales, scams of shaly coal and of 
' Although several seams of cod occur/ writes Fox, * only four of 
these are recognized at preseni as possibly workamc* and only one, 
near the top of the scries, is worked. It varies from 5 to feet 
thick and occupies a position about lao to 150 feet below the 
of the Motun. The lower seams occur within too fert below the 
main seam.’ Coal was quarried from the outcrop of one of the 
about 1862. Encouraging prospecting opcratiop by 
private firms and the provision of through ™lway co^umcatiaii 
in 1905 were soon followed by systematic raimng i the Qiandamela 
and Barkuhi collieries have been in poduction from that yw and 
today there ate many others at work. The finncipJ sub-ww 
concerned arc Barkuhi, where the seam being nunMl m o to 7i feet 
thick; Bhandaria-Bhuiaria, where the seam mcludw 8 feet of coal 
of which the bottom 5^ feet are worked; G^ndameta-Dongar 
Chikhli, where 6 feet of coal are mined, and the EkLura-Ncv^n 
Chikhli area. North of Parasia, a bore hole proved 3 seams, 6, 4 
and 4i feet thick rtspectively, ail within 133 feet of the sutIm. 
A deeper bore to 375 f«t cucoimtcred 7 seamsj fnjm 3 to 4^ leet 
thick, without reaching the base of the Coal Measure, in two 
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aquaiT mUcs of Ihc Barkuhi, Ghandamcta and Dongar Chikhli 
aica^ Fox calculate that 5 niLLlion tonj of coal aane still available; 
tho routhcm stripy from Bhutatia to Bhandaria^ [nay perhaps hicludo 
another half miilion tons^ but if the 3 a^uajo Tfiil^ of coalfield 
concealed under the Occcan Trap between Bhandarta and 
Gajandoh ij included, the addidonal amount would be of the ordca: 
of 10 nuIIiDn tons. In the Hklaira-Newton GhikhM areaij the same 
authority placed the rescTVCS at a total of 7 milhon tons, allowing 
for losses^ adding that there is httle doubt that the Coal Measures 
extend furthef| within workable depths^ * iar out under the Feoch 
rivET \ 

ANAI-YSES OF PENCH VALLEY COALS 
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^ Progress on the Pench Valley fields has been steady from its 
inception, output rising without a setback to mcr one milhou tons 
(1,117,943 tons, or 5 per cent of the Indian totaij in 1934* and 
thence to a peak of 1, 524.010 tons (5-18 per cent) m 1942. After 
that time wmewhat lower figun» were recorded until loaS and 
Onwar^ when th<p^ rose to the record of 1,659,999 
t™t of the total in 1950. From the connncncemcnt in 1903 to 
toe end of J95O1 33 t 33 L 9 J 7 tons of coal have been mined in the 
rcncn and Kanhan V alley fields. 

Sir Cyril Fo* computed that the coal reserves of all kinds in the 
iatpura rt^on as a whole—Mohpani to the Kanhan and Pench 
2^ey^^ount to a round figure of 1,000 million tons, thoiuih he 
reduced thia academic calculation to 150 million tons of workable 
P borings along the northern edge of the 
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YeoS^ ^ situated in the Chanda and 

of Mat&ya Pradesh and form part of the Godavari* 

of India, summarked the occunenco 
distnnri* nf occupy thc valley of the Wardha river for a 

distance of about 72 miles in a strai^t line, the total area being 
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1^600 square miles. The coal-bcariEi^ rocks (Barakars) have a 
thickness of only 1150 feet, their distri bution h very broken and their 
surface area small. There appears to be only one coai borizonr 
and it occurs near the lop of ike Goal Measures. The thickness of 
the coal varies from noth^ up to ^ feet, the average being about 
50 feet. Our knowledge of the fields Is alnion entirely due to 
T, W* H. Hughes, who between 1870 and 1S76 mapped the area 
and fuperiiitcnded the boring operadom.' In. die Chanda district 
are stuated the Bandar^ Warora and Ballarpur fields, the last 
crossing into Hyderabad. In the Ycqtmal district dicre arc the 
fields of Wuii and its related areas, while the Obugus-Telwasa 
fields lie partly in both districts. 

Bandar. The Bandar fields about 6 square miles in area, liea 
3(> miles north-east of Warora, and four seams of coal of worl^ble 
thickness arc known, as the result of boring, to occur in it. Fo* 
estimated iu available reserves to be at least 54 million tons but 
owing to its isolated location it remains undeveloped, 

ttWiira, The Coal Measures of the Warora basin, which is 
6^ miles south of Nagpur, arc largely concealed by younger rocks 
and alluvium. Borings between fSyo and 1873 proved two scamSi 
averaging 15 and 1 2 feci in ihlckncssj only 46 feet apart and within 
332 feet of the surface. Collieries were worked between *873 
and 1906 and, after raking about three mlDion torn of coal* had 
to be abandoned owing to the Inllujc of waicr^ underground fires 
and a ^gc subsidence brought about by mining both seams at the 
same time. Hughes estimated the reserves in 1877 as 2o million 
tons, with probable extensions to the south raising the total to 60 or 
TOO million tons. The coal is infenor to Ranigaqj and Jharia coal 
by reason of its higher moisture and lower fixed carbon contents. 

Wwi and Rilafed Anas, Across the Wardha river. In the 
neighbourhood of Wun and other places m the YeotmaJ district of 
Bew,^ coal has been proved to occur within the Earakar rocks 
lying beneath the membf^rs of the Kaxnthi Group, mainly sandstones 
with no coal seams, which are the local representatives of the 
Panchet Scries of the I>amodar valley co^elds. Sometimes, 
however, in this region the Coal Meaiurea lie direedy underneath 
the alluviuntL * On the Wun side of the Wardha \ wrote Hughes, 

* a much larger area has been tested than on the Chanda side and 
the coal has been proved to be much less irregularly distributed. 
An average of ao feet may be admitted for ao square mll^ and 30 
fcKC for 6o miles, making a tataJ of 2,100 miUlonj of tons.' From 
direct evidence 105 million tons were estimated to occur between 
Wun and Fapur (7 square miles) and 130 million tons in 5 square 
miles between Junara and ChichoU, ^ within 500 feel of the 
surface. Near Pkgaon, 27 to 31 feet of coal were found at a depth 
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of 77 feet, and at Rajur^ i8 to go feet of coal^ witMn i6o fbet of the 
surface. The coal is non-coktngp high in moisture and contains 
some 15 per cent of ash. Reviewing the evidence in 1934, Fox 
concluded that there are 240 milljon tons of coal in t2 square mUcs 
from beyond Pi^on to Warora, of which half may be considered 
available. 

A colliery coramenced working in 192 7, after rail communi- 
eaiioti had been established, but separate production figures for the 
Yeoimal district do not appear in the returns until 1936* with the 
exception of the years 1925 to 1927, when an output of 2t355 
was obtained- The production in 1950 was 23^tt tons, and the 
total tonnage won tom ^939 to 1950, both years induded^ was 
521^244 tons. 

GhuguJ-Telumsa. Of small extent as far as visible outcrops are 
concemodf Gbugus-Telwasa is in realit)' a concealed fidd occupying 
an area of about lOO square miles, in which a seam^ over 50 feet 
thick in places, including its shale b^ds^ has been proved at shallow 
depths. Estimating on what he regarded as a safe figure of [5 feet 
of coal^ Sir Cyril Fox concluded in 1934 that there are 1 jOOO ndllion 
tons available^ adding ‘surely the possibilities render this [area] 
one of the most attractive for testing*. The Mayo mine was 
opened here in 1B70 but only worked until t&7g^ when it was 
abandoned in favour of Warora colliery, New borings were made 
after the 1914-18 war and with the construction of a railway firora 
Tadalj^ on the Ballarshah-Wardlm line, to Ghugus, new workings 
were established about a mile south of the old Mayo mine. No. i 
Pit proXiXd 1 1 feet of coal at a depth of 109 feet — the top of the thick 
seam, and No* 3 Pit, lyj feet at 225 feet- These Coal Measures 
dip to the v^-est under ihe Wardha river and should be found again 
in the Veotmal district. The cofil is non-caking and resembles 
that from Eallarpur in composition; its production is not shown 
separately in the official returns, being included apparently with 
that of B^larpur and Chanda- 

Chanda. Although Chanda town itself, the headquartera of 
the district of the same namCi is supposed to lie on Kamthi rocks, 
there has always been some doubt about it. In any case^ borings 
at Mahakali on the eastern outskirts of the town found 19 feet of 
coal at a depth of 8 f feet, and 26 feet of coal at 120 feet below the 
aurface. A colliery commenced operations here in 19271 and a 
second one at Babupeth^ to the south-east of the town, sometime 
before 1934, The extent of the Coal Measures is unknown and the 
production of the mines is not shown separately in the official returns. 

Ballarpur, The Ballarpur field lies for the most part in 
Hyderabad, where it is known as the Sasti field. In t 860 , Blanfotd 
found a co^ seam, 6 Feet thick, on that side of the Wardha river, 
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iJiat is to say' in what were then the Nl^am^f doMUiJons^ but borings 
nn the other bank in Indian territory at that time failed to reaeb 
iu In ] goo, however, m antleipadon of the closure of Warora 
colliery^ systematic re-boring was undertaken in the area and two 
scams^ 17 and J4 Feet thick, with a sandstone parting of one foot 
between them, were proved at a depth of 63 feet, at a point opposite 
SasiJ. Nearer Bailarpur and on the other side of some faulted 
ground;^ several scams of workable thickness were met with. The 
first shaft was annk in 1903 and the second in 1906 when miiung 
at Warora ceased j through railway communication was established 
in ipoS and the scams at Sasti were also developed, the coal being 
carried across the Wardha river from the Hyderabad side by an 
aerial ropeway to Baliarpiir. Mining operations have been 
continuous^ the record annual output ha\^ng been attained in 
1933, with 35^.344 or 1 -ag per cent of India's total for that 

year^ In 1950* 331,012 tons were raised, and the grand total to 
the end of that y-ear tvas 8p<^,765 tons. It is to be noted that the 
totals from 1941 to 1946, inclusive, appear in the official returns 
under * Chanda *, though before and after that period they are 
classified undfx * BaJlarpur 

Covered as it is by younger rocks, the eicact limits of the 
BalJarpiir field are not known, but in the 2 square miles proved, 
there were reserv'cs of 40 miliiQn tons in 1934+ The total area 
involved, however, may well be of the order of 200 square miJfa 
with a corresponding muItipUcadon of these figures. 

Other large tracts of country where furdier concealed coal- 
bearing rocks arc believed to occur include WamanpalU, Lathi 
and Dabha, the southward continuation of the area lying to the 
south-east of Chanda cowm 
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HYDEJtABAD 

Of the 1^022 million tons of coal produced in India betw^ 
1900 and 1950^ inelushiej Hyderabad was responsibie for 38^74^25 
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tons, or 3 ’ 7 per cent. Its Coni Measures rorm part of the Pnmhitn- 
Godavari Gondwana belt, a continuation towards the south-east 
of those of the Wardha valley region already briefly outlined. They 
are of Barolcar age, occur at numerous localities, but in nearly 
every case are overlain by younger Gtuidwanu rocks, the Kamthi 
Mdstones and shales, so that their real octent is not known and 
indeed cannot be delineated until proved by deep and extensive 
boring. Complicatioiu arc introduced by the crosiDn which the 
coal-bearing rocks suffered to a varying degree before the Kamthis 
were deposited upon them, and by the faulting which took place 
afterw'ards. Strata of Gondwana age^malnly iCamthi sandstonc9~' 
form a contlriuous strip through Hyderabad, where they occupy a 
region covering some 3,600 square miles, into Andhra, where 
they have an areal extent of about 600 square mil@, but in both 
States exposures of the Baraltar Coal Measures are lew and far 
between. TTie discovery of the coalflcl^ was due to the labours of 
W, T. Blanford, T. W. H. Hughes and W. King between iQSo 
and 1860. The producing fields are those of Sasti, Tandur, 
Sitigareni and Kothagudium, but there are several other localities 
[u the Adilabad and Warangal districts where rocks of Barakar 
age come to the sur&ce but which have no coal seams actually 
exposed. Of ivhcre fragments of coal have be^ found in stream 
beds, derived from outcrops of seams which still have to be located- 
Though of little economic interest at present, such occurrences 
are of great geological importance, especially as a guide to future 
exptoratlon by boring. 


iSorili. The Sasd field is a continuation, on the south side of the 
Wardha river, of the Ballarpur field in the Chanda district of 
Madhya Pradesh, the coal occurring in two basins between Sasti 
and Paoni,^ Part of the area was bored between iByt and 1674 
and Coal with an average thickness of 40 feet proved over an of 
il square miles, but the shafts at Sasti ooUieiy found only 27 feet 
of coal at a depth of 78 feet, as the top of the seam had been denuded. 
A 60-foot seam was also proved at Paoni. Hughes calculated 
ui 1877 that 30 million tons of cod arc available in the square 
miles mentioned. Systematic mining commenced in igao, the 
area having been leased by the Hyderabad (Deccan) Company 

Bidiarpur colliery on the other side of the 
nardha river. The total production to the end of 1950 was 
11611,557 tons, the highest output being bi 1938 when 00,783 tons 
were raised. 


Aniargson-Aksapar. In the south of the Sasd field the Coal 
tlj^appcar bclmv the covering of Kamthi rocks to the 
north of Rajur, but they appear again some to miles to the south- 
as a narrow strip, stretching for approximately 12 miles. To 
this exposure Fox gave the name of Antargaon-Aksapur coalfield. 
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the latter part of the conipound appellation from a vmali outlier 
lo iniles further souths which may be coatmuoua with the rest 
under the Kamthis. Beyond ihc fact that a coal seam, 6 feet 
in thickncsj crops out in the Wardha river at I^thi Ghat;, nothing 
further is known about the potendalitia of this Md . 

Tandiir. T^ve miles south of Aksapur^ and still m the 
Adilabad dUtriGti the Coal Measures come to the surface a^aiu, 
outcropping once more as a narrow stHp w hich reaches from beyond 
Kairgura, south-eastwards through Tandur* to east of BelampaJli 
railway station, with the small outlier of Waripet to die west. The 
exploitation of this field dates from ihc completion of the Kaaipet- 
Ballarshah railway, which passes through Tandur, in 1927, Two 
seams, averaging 6 i feet in thickness and separated by 140 feet of 
strata, arc mined both by mdines and shafts. Production com¬ 
menced in 1931 with 46^530 tons, attained a peak q{ ^^^21 tons^ 
being 1 ^ a6 per cent of the countiys total, in 1942, and was 306,654 
tons In 1950 {o* 95 per cent of the total). From die commcncCTient 
of operatiom until die end of 1950, 5»347*t»54 tons had been raised. 

A certain amount of Iron p>Titea occurs as layers and lenses m 
the Tandur coal but is picked out by h^d on a travelling bdt. 
Otherwise Hyderabad coals are usually low in sulphur and in 
phe^horus and as a general average contain about 6 per cent 
MoistUFe, 2^4 per cent Volatile Matter, 56 per cent Fixed Carbon 
and J4 per cent Ash, with a heating value of 6,500 calories^ 

Chiruff^andrapali. From the overlap of the Kamthis on to the 
Coal Measures at the SDuthern end of the Tandur fielch to their 
next appearance at the surface along the same line of strike, to the 
north-west of Chinur, is a distance of approximately tS miim, and 
yet again die Barakar? are exposed as a long narrow strip between 
members of the TaichJr Group on the ^■esl and the Kamthi sand¬ 
stones on the cast. Striking lo the south-east they cross the 
Godavari into the Karimnagar district of Hyderabad and continue 
to beyond Sandrapali, a total distance of j6 miles. Fragments 
of coal are common in the river below the outcrop but the seams 
whence they are derived remain undiscovered. 

From a point above the junction of the Godavari with the 
Pranhita and to the soudi and west of the oonflucncCj an expanse 
of Kamthi rocks, t6 or 50 miles in w^dth, continues across the valley 
of the Pengadi river for over 70 miles, south^^east to below Gherln. 

' Tliat coal seams exist in the Bamkars below the Kamthls wrote 
Sir Cyril Fox,' cannot be seriously questioned.* 

JCarnaram. This is the name of a small outlier of Barakar rocks 
which lies approximately on a line joining tbe Tandur and Singareni 
coalfields, 45 miles from the former and 25 miles firom the latter as 
the Crow ^es. It contaios two scams, 9 feet and 6 feet thick. 
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respectively^, containing [,132,500 tons of coat, but^ In the words of 
W. Kingi * iJJ-placcd in every way for its devdopment \ To the 
east and south-east of Kamaram, coal lias been reported from the 
region between Bandala and Allapalh, m the Kinarsan valley. 

SingannL The Singarcni field, in the VVaranga] district and 
146 mDc^ from Hyderabad clty^ was discovered and described by 
W, King in 1872. It occupies a narrow strip of Lower Gondw^ana 
rocb, somcdnics referred to as the Yelbndlapad exposures about 
la miles long and a miles widej of which the B^akar Coal Measures 
cover 9 square miles* King persuaded the Government to prospect 
this area by boring, and four seams were proved within 50 to 250 
feet of the surface. The top one of good coal w^as 6 feet thick, the 
second and third averaged 3 feet cach^ while a very thick bottom 
seam, the Singarcni seam, was also reached. Later borings and 
actital workings revealed that the Singarem scam is about 70 fret 
thick, tnetuding some variable shale and sandstone bands. Below 
it follow the New Seam (5 to 8| feet), the Stone Coal to 7 J feet), 
the King Scam (5 to 6 feet of high quality coal) , and finally another 
scarn^ sj feet thick, 340 feet below the Thick Coal and 140 feet 
below the King Seam. Mining was commenced in the King 
Scam in 1886, at first by inclines and by sbaib after 1894. In 
that year Saise estimated that it contained 36 million tons; by 1900 
the annual production was over 460,000 tons, and ten years later 
it was more than half a million tons* The peak was passed with 
760,420 tons, or 3*a8 per cent of the total Indian output^ in 1929, 
and annual tonnages were maintaiiied between one half and three 
quarters of a mUllon tons until 1941, when with a sudden fall to 
i 54 p *^4 tons, Operations on the field ceased ^ on the exhaustion of 
the King Sram Hxslory does not relate why the Thick Seam 
was not mined. The coal was a hard, dull, non-coking steam coal 
largely coQSum^ by railways and milla in southern India, and the 
tot^ amount raised from 1686 to 1941 was ^6,354,733 tons. Small- 
Kale operations started again in 194S, with an ouiput of 14,235 toni, 
to 77,135 tons in 1950, with a total of 149,959 
three years concerned and bringing the grand total for Singarcni 
to 26,504,693 tons. 

Koikagudium* In [925^ borings at Kothagudinm proved the 
presence of the Coal Measures under about 150 feet of Kamthl 
strata, 34 miles east of Singareni, the King Seam lying at a depth of 
about 400 feet, while the Thick Seam was fbujid to be strongly 
intercalated with shaly bands. Mining commenced soon after¬ 
wards, but in the meantime a railway hod reached the Tandur 
field where preUminaxy work had been commenced in 1927. For 
these reasons the Xolhagudium colliery was abandoned, only to 
be restarted ag^n in t 937 i when tt became apparent that Singarcni 
wm approaching its cud. Today the workings consist of four 
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inclines and one sliaft and they aje connected to Domakal junction 
by a branch line. The coal b ntdiied by railways and Dther Large 
cocmnnerS:, besides bcin^ disU'ibtited in Hyderabadp Bombay, Andhra 
and Madras p Produebon quiddy increased to ^44,598 tons in 1942 
fa'87 per cent of the total) but had rallcn to 778,717 tons (2^41 per 
cent) in 1950- Between 1937 and 1946 inclusivct 7,622494 ions 
had been raised. 

Oihtr Exp^suris oj Coal Mwares. Twenty-five milca south-east 
of Sin^^armi a small exposure of Cdal Measures is known to occur 
On the north-castem end of the Kanneg iri Hillsp near Maddukum. 
To the east of the Kothagudium field and some 25 miJes from it. 
Goal Measures appear again on the right bank of the Godavari 
about Damcnchcrla and Madhavaram: these rocks cross the river 
into the TotapalJe-Gavirtdevipcta region of the East Godavari 
district of Andhra and are dealt with bwlow. 
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PoSStBLE CoALJTlEXJDS OF AnSHRA 

Dr M. S* Krlshnan summarized our exisdng knowledge of the 
GoaJiields of Andhra In 1949, and the following brief notes are 
derived from his writing?. {Sec BibUographyd 

Liagala AtteL^ A small anm of Goal Mcasurts occurs around 
Lingala, in the East Godavari district, immediately south of the 
conlluencc of the Talperu river with its parent stream. The 
discovery of pieces of coal In the river bed in 1857 led to a visit by 
W* T. Blanford in 1867 and the subsequent location of Four scams, 
three of 2 feet and one of 5 feet thidmess. Seventy tons of good 
coal were remov^ from a trial pit in 1891. The whole region was 
mapped in 1944-5 Subrauianyam and S. N. Sen of the 

Geological Survey^ vv'ho also uncovered a thin coal scam in a pros^ 
peeling trench. The possibilities of this small field will remain 
problematical until it is ?ystonaticaJIy bored. It lies 40 miles 
north of Bhadrachalam, itself 20 miles by road from the railhead 
at the Kothagudium colliery in Hyderabad- 
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Gwiridevipft^ { Totapdli}. This amall field, ten square nulo in 
cxCcntt is a continuation, on the Ajidhra side of the Godavan river, 
of the Damercherhi and Madhavamm Coal Measure of 
Hyderabad^ where they cover a further 8 or 5 square mileSi The 
village from which it takes its name is situated 15 miics cast-south- 
cast of Bhadrachalam on the Kunavaram road. A few ah^Low 
borings were made hereabouts In 1871 at the suggestion of Wp T. 
BLanford, and at least one of them cut through a seam of coal^ 
iB feet thick. Between 1890 and 1895, the Godavari Coal Go. Ltd 
sank a shaft and eastracted 3t576 tons of coal from a 6-foot scam. 
V* Subramanyam mapped the field under the supervision of 
Dr M. S. Krishnan in 1944-51 but until deeper boreholes arc driUtri 
through to the underlying baiment, be it Talchln or Metamorphic 
TOcks^ this too must remain a problematical field. 

B^dadamru, This area has the distinction of containi^ the 
most southerly exposures of ihc Baraknr Coal Meaiujcs in the 
Indian Peninsula, Its name-village, in the Polavaram Agency 
of West Godavari, is 10 miles north'^west of Zangareddigudemi 
itself some 3^2 miles from the railhead at Ellore. Dlscoviied by 
W. T. Blanford and examined by W. King in 1871^* h was 
mapped by Dr Krishnan and R. N* P. Arogyaswamy in 1941-21 
when it was found to cover an elliptical area of about 6 square milcs^ 
overlapped from north-west to ^uth by the younger Kamthi roeb^ 
probably as a rather thin covering. Sixteen boreholes were drilled 
in it under official auspices in 1874-6, the deepest reaching only 
356 Fijetj and six seams of poor-quaUty, shaly coal revealed. In 
igoOj five more holes were bored by the Ellorc Syndicate, but they 
appear to have been badly located and added no new informationH 
Four deeper borings, made in 1922-4 by the Hyderabad (Deccan) 
Co., in the Swarrtavarigudam area, through the overlying Kamthi 
blanket, from one to two miles south of the Barakar outcrops, 
reached a maximum depth of about 900 feet, but only proved a 
iD^-foGt seam of ver^- poor quality coal, at a depth of 220 feet in 
one hole^ and at 818 feet in another, further down the dip. Other 
borings have been made In the Koyyalagudam area (in (923) 
in the Yemagudam taluk, near Komatigunta and GoUagudam, in 
both cases without finding true coal seams. For details of these and 
their bearmgs on future exploration Dr Knshnan'^s work must be 
consulted. He has concluded that the possible occurrence of 
workable seams can be settled only by boring down to 2,000 feet* 

JURASSIC, CRETACEOUS AND TERTIARY C0.4LFIELDS 

Although lc» than ij per cent of Indians coal is derived from 
these younger rocks, as compared with the remainder from the 
Permian Gondwanas, they supply aU the coal mined in Wet 
Pakistan and their fields are of great economic importance to the 
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rtgiolu in vvhJdi they occur^ and in which mming is donje ui themp 
inch aa fhasc of Assam, Rajasthan, the Wet Punjab and 
Baluchistan^ while fields still imworked are found in Kashmir and 
Burma. 

Assam 

Workable coal occurs in Assam at three separate geologica] 
horizons, two of which are in the Lower Eocene and the other in 
the Upper Eocene^ posaibiy extending into the Oligocene, The 
rocks concerned belong to the Jaintia Series w^hich is about 3,000 
feet thick and is well dbpUyed in the southern and soudi-westem 
portions of the ShiUong Plateau region. This series is divided into 
three stages known» from below upwards^ as the Tura Sandstones, 
the Sylhet Limestones (up to i feet thick) and the Kopili Beds 
(t,Doa to 1,500 feet). The older geologists classified the Tura 
Sandstones with the Cretaceous beds of Upper SenonXan age w'hidi 
underlie them, when they do not rest dmetty on crystalline rocks, 
but they arc now thought to belong to the Lower Eocene. They 
contain important Coal Measures and the oldest of the coal seams of 
Assam^ "Hie Kopili Beds, which are of Khinar ag^ also indude 
some thin coal seams; thu^ coal is found in Assam both above and 
below the Sylhet Limestones. 

The rormatlon of coal during Lowta* Eocene times was confined 
mainly to the western areas of the Garo, Khasi, Jaintia and Milur 
Hills, but in Upper Assam, along the southern side of the Brahma¬ 
putra valley, cast of Dibwgarh, it took place in Upper Eocene 
times, giving rise to the thick seams of the Naga and Patkot Hills. 
These Upper Eocene rocks form the Barsul Series w'hich occupies 
a very large area in Upper Assam, showing much lateral variation 
and necessitating the employment of many local subdivisions as 
they are followed from the Surma valley* through north Gachar, 
into the Naga Hilb. In the north-east, the subdivisions consist 
of the lowest or Naogaon Stage* followed fay the Bargolai and then 
by the Tikak Patbat Stages, which together form the Co^ Measures 
and which in their type area are about t t,oc» feet in thickness, the 
thick scams being confined to the lower ^OO feet in the Namdang- 
Ledo area. 


Ttffl Garo Hti-u 

The Garo Hills form the western termination of the Assam 
Range* arpund which the Brahmaputra takes its great bend finni 
the Asam valley mto the pLains of Bengal. Immediately north 
of the gncLssic range, tunning westwards from the Khasi plateau 
and forming the culminating ridge of the Garo Hills, the Qrctaccous 
and Lower Tertiary rocks with their Coal Measures occupy a scries 
of detached basins in the gneiss. James Bedford drew attention 
to the coal of the Caro HLUs m 1841, H, B* McdUcott examined 
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the region m 1864^ and T* D. La Twchc mapped part of it m 1883. 
Coal seams have been found in many places^ even westwards and 
northTA-ards of Tura, the chief town of the Hills, for the Tnra 
Sandstones cover large tracts belwtxzn the Ringgi and Kalu rivers^ 
but the seams of the Karaibara area to the soutb-TA-est arc seldom 
over 3 feet thick. To the east of Tura and north of the mata 
range, with its peak Nokrek {4,633 feet), arc the fields of 
Rongrenggiri and Daranggiri. 

Rongr^n^iri^ This field lies in the Simsang valley about 20 miles 
east of Turaj and its sandstones with a cover of Sylhct LimeaEOne 
extend roughly over 35 stiuarc milcs^ but its seams are descriibcd 
as thin and of no practical value, 

Daronggin. A few miles below Rongrenggiri and on both sides 
of the Sunsang nver^ above the head of the gorge where it cuts 
through the main range, lies the Datanggiri field, doubtless 
conn«tcd at one time . with its northern neighbour. It is about 
10 niiies acroffl from cast to west, and 6 miles from north to souths 
with a few oudi<^ to the south. La Touche, in 1883, gave the 
thickness of the single workable seam as 5J- feet and estimated iw 
contents at y6 milljon tons above main drainage leveL The coal 
is of excellent quali^ and R. R* Simpson, writing in 19131. stated 
that the only bar to its cx^sloitatlon was its distance from a railway. 
Its western pardon was re-examined by B. t^:^r and G. V. Rao 
i^/ 949 - 5 ^i who reported the presence of a main scam 4I to 5 feet 
thick of hard, splintery coal, with an upper seam^ i ^ to 2 feet thick, 
some a00 feet higher in the sequence. The main seam di[H at 
very low angles and its reserves, in an area of j 8| square milcs^ 
Were estimated to be 84 million tons. The eastern portion was 
examined at the same time by R. N, P. Arogyaswamy, S. N Sen, 
A» S- Ranuengar and S. N. iSiri who found it dissected into dgbt 
small are^ as a result of uplift and erosion. They reported Uitle 
variation in the averse thickness of the main seam and estimated 

reserves at 31 million tona in 8-89 square milH, The compti- 
sition of the Daranggiri coal is approximately as followsMoisttire 
8 -8 per cent, Volatile Matter 36 3 per cent, Fixed Carbon 40■ 8 per 
cent. Ash 5^ 1 per cmiu 

On its SGUthem slopes the main range is fianked by the 
LotiVct Eocene strata and the Coal Measures {Tura Sandstones) 
are^ Visible at many places over the 36 miles between Tura 
Md Sjju. R, N. P, ^ogyaswamy and A* S. Ramiengar 
investigatcd part of this region in 1949-^50, locating many 
^posurcs between Siju Sot^mong and Table naia and concluding 

l resc^ca of the order of 117 nultion tons may be expcct- 
™ Emimded*'^^ though vexification by drilling b 
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Ttffi KhaSI ASD jAEmA Hilu 

Part of the Darang^iri fidd lies within the Khasi Hilb, for the 
Simaang and its tributary^ the Rongdi, foraa the admimstradve 
bounch^ l^twccn them and the Gam Hilli to the west. There Li 
no break in stratigraphical continuity and the Coal Meafutes 
tattend up the Rengchu valley into the Nongstoin area of the Khasi 
HiUsh The Tura Sandstones with their capping of Sylhet Lime- 
itone occur on Adlgaon HiJJ (i 1,739 fret)j where at least two coal 
seaim extend over 3 square i^es. The lower one contains not 
less than 15 million tons of partly coking coal, assaying Moisture 
4^65 per cent. Volatile Matter 35-3 per cent* Fixed C^bon 6o'4 
per Cent and Ash 4^4 pc^ ceni. 

Lattgrin {Umht^), The gently inclined coal seams of the massif 
of FendengrUp in the Garo HillSp extend Into the extreme south¬ 
western comer of the Khasi Hills to form the Langrin eoalhdd. 
Mentioned by Jones in 1829, visited by Godwin-Auatcii in 
1869 and mapped by La Touche in 1384^, it builds a plateau^ deeply 
trenched by several streatm, 1,500 feet above the plains to which it 
descends steeply on the south. It covers about 30 square miles 
and has at least four scams with an aggregate thickness of 20 feet. 
No estimates of its reserves have been made but large quamlciea of 
coal of fair quality, some of which possesses caking properties, 
undoubtedly exist* 

Other Sjmdt FtrWr. A number of small fields exist in the neigh¬ 
bourhood of ShiUong^ the capital of Assam, both to the north and 
south. They include Um Rileng, with an area of half a square 
miJep where the Tura Sandstonca carry two seams, with a- total 
of 8 to 10 feet of coal, and reserves of one million tons in the lower 
^-(ooi seam; and Maobchkrfcar, 20 miles south of Shillong, to which 
It supplied fuel for many years, of small extent and oflittle conse¬ 
quence. At Cherrapunji, where coal has been known since 1815, 
small-scale mining has been carried on since 1B34- The area of 
the field is only 13G acres and in 1669 its reserves were estimated 
at i,[35jOO 0 tons, in a seam varying from 3 to 9 feet in thickness. 
Other localities in the same ncightourhood indude Rongsanoba, 
Lajtnmgo and Mawlong^ Their seams, like those of Cherrapunji 
itself, occur in sandstones which lie above the Sylhet Ljmestone 
and thus belong to the Kopiii Stage of the Lower Eocene. As 
a rule they are strongly caking coals of good quality with a low ash 
content. Since 1935, Cherrapunji coal has be^ won by the 
ChernL-Chhatafc Ropeway Co., and transported by ropeway to 
Bhofaganj and thcncc by boat traffic. In [884, the output from 
the field was 4,200 tons, but tn the period covtaed by the officiaJ 
minend statistics, the whole production of the Kiwi and Jainda 
Hills never exceeded a few hundred tons per annum, until it reached 
1,005 ^ since when it has greatly increased. In 1950 
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it was ions and the total tonnagie raised between 1930 and 

1950^ inclusive, was 403,747 tons. 


Tm. Jmntia Hills 

Coal seams of the same age as those just described^ and usually 
a or 3 feet in tkidmess, occur iu the Jaintia Hills of central Assam, 
a region which also mcludes the north Cachar Hills and continues 
into the Mikir Hills of south-east Nowgong and uresc Sib$agar. 
Amongst other localities are those of Jaram, 10 mlics south of 
Jowai; Bapung, 7 miles cast of the same place; Satunga, 15 miles 
to the e^-south«cast and Lakadong, barely 10 miles cast-north-east 
of Jaintiapur on the plains of Sylhet. Funher cast, in the valley 
of the Kopili, the stream sepamung the Jaintia HOls frera those of 
north Cachar, and in that of its tnbntary che Diying, it is known 
that Eocene coal occurs, but the region has still to be mapped in 
detaiL 


Tks Mhur Hills 

Of the eight coal occurrences found tn the Mikir Hills by F. H- 
Smith in i 897 p> ™ly two arc of sufficient thickness to be of economic 
icteresL They arc at Longloi, where 13 feet of rather poor co^d 
are visible, and Nambor^ where the high ash content renders 
profitable exploitation improbable. Longloi, in the centre of the 
south Mikir Hills^ is close to the Jamuna river and 12 miles north- 
north-east of Ltimding on the North Eastern Railway. Further 
to the cast, two scams, 3 to 4 feet thick, are known in the Disaoma 
valley. It is abo reported that coal occurs in quantity in the 
jahenri and Koliani river valley, which drain the hills west of 
Golaghat, in waicm Sibsagar district. At Koilapahar, 17 miles 
west-north-west of Manip^ Road, in the Mikir HilU of west 
Sxbsagar, a 5i-fQot seam b mined at the RoUajan colliery* All 
the coals of the Mikir Hills belong to the Lower Eocene and 
probably to the Cherra (Tura) Sandstone Stagen 


Coalfields op Upper Assam 

Lcaring the Mikir Hills and continuing north-eastwards into 
Upper Assam, the broad valley of the’Brahmaputra, bounded on 
the north by the foot-hills of the eastern Himalaya and onthesouth 
hy the Naga Hills and the oHshoots of the Patkai Range, no iiirther 
examples of the Lower Eocene Coal Measures arc met with, but 
only those belonging to the upper part of the same system, conti¬ 
nuing perhaps into the Oligocime. They form part of the Barail 
Scries—a great thidmeas of maudy arenaceous beds in which coal 
first shows its presence as thin, inconstant streaks in the sandstones 
and as carbonaceous shales. These, however, when Jbllowed to 
the north-east from the Zubra valley, across ihe vaUeys of many 
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other streams Vphich how Jrom the Naga Hilts to unite in the 
Sibsagar plains and join the Brahmaputra^ become more abmidant, 
until in^ the valley of the Daya^ stream^ thin coal seams^ up to 
1 foot in thickness, make thdr appearance. At Sanis^ on the 
watershed between the Dayang and the Baghti, a lo-foat seam 
(xcurSii while at Chohuisan and in the near-by IDisai valley^ five or 
six seams, up to 4 feet thicij arc known. The extent of the Disai 
field has still to be determined, but the proven length of coal 
outcrops ]'s about ^ miJes^ The coals themH^vs have the following 
average composition: Moisture 6*8 p>er centj Volatile Matter 
33*3 per cent, Fixed Carbon 52-9 cent. Ash 6*5 per cent. 

Further on in the same general direction the following coalfields 
are known, Jhai^i* Nazira, Jaipur^ Makum and Namchik. 

Jhanzi- In this field two or three thin seams have been traced 
for rather less than 3 miles. The occurrence is about 15 miles 
south-east of Aroguri raihvay station. 

About eight miles north-east of Jhanxi, lies the Nazira 
field in which steeply dipping coal-bearing rocks have been followed 
for 16 miles. This area, dr^ed by the Dikhu, Tiru and Saifhu 
rivers, was known in 1643^ examined by Mallet in 1876 and by 
SJmpon in tgofi. Mallet estimated the reserves of the Safirai 
portion, over a length of 4^ miles, at an average thickness of 51 feet^ 
in 5 seams, and within 350 feet of the outcropp at flo minion tons, 
but^ these reserves refer o Jy to a portion of the area* The coal is 
a high-grade, caking variety with Moisture 4 - 85 per cent. Volatile 
Matter 39' 15 per cent. Fixed Carbon 53*70 per cent. Ash 2*30 per 
cent, and a C^orific Value of 7 p 448: as usual with Assamese coals^ 
the sulphur percentage is high. The coal scams in the colUcTies 
of fioi]afi and Konjan are in the lower part of the Tikak Parbat 
St^c of the Upper Eocene. The mines actually He in the Naga 
Hills, but they are connected with the North Eastern Railway 
at Sibsagar Road station by a branch line [5 miles in lengthy 
terminating at Nagmimara, to which the coal is conveyed by an 
aerial ropeway, 4 miles In length, from the working which are 
situated about ijtxM> feet above the level of the railway* The 
output from 1913 to the end of 1950 was 1,110,109 
highest production being ui 1924 with 60*083 tons, but of late year^ 
there h^ been a tnajki^ decline, ihc annum average for the five 
years ending 1950 being only 20,^3 tons, 

Jaipur, After a gap of about 16 mUes, across which the Coal 
Measures have not yet been traced, probably because of the 
maximum difficulties of prospecting in the virgin forest, dense 
thorny undergrowth and thick soil caps which the Naga HiUs 
present, they are known again, stretching north-eastwards &om the 
Tiyok surest acrou the Disang \allcy, where they leave the 
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SibsaguT district and enter that of Lpakhimpur^ thence acrosa the 
Dihlng for approximately 4 miles beyond Lkthimpuj-t a total 
distance of some 25 miles. This band forms the Jaipur fields in 
the southern pordon of which^ especially near Barpeta, Disam, 
Hapjan and Jaipur itscF^ a town on the radwayp the coal seams are 
of considetablc thicknessp though north of the Ddiing, near 
DhcJdajtili and Semipung^ they are very much thinner* 

Known in 183^1 the field for many years supplied the factories 
of the local tea estates with fuel horn outcrop quarries. In 18761 
Mallet estimated that between Tipam and Boniarchallp a distance 
of 15 mlles^ allowing an average workable thickness of 15 feet, 
there was a total of 20 milHon tons of coal within a depth of 450 feet. 
Today the Goal Measures are known 10 extend not for 15^ hut for 
25 miles. In a litnited area of one square mile, known as the 
Disang-Eorhat area, Sunpsm, tn 1906, allowing 35 feet of workable 
coal^ cousidcred that 1J million tons could be profitably extracted 
from a total of 3 , 676 j^otonSp pointing out at the same time that it is 
vrry probable the seams eontmue to be of economic value for many 
miles ^yond the limi t he w^as able to prf3spcct. During 1949-50, T. 
Bancijee re-examined the area between the Dihing and Dikhu rivers 
and estimated the available reserves at 3,850,000 tons. Practically 
the whole of the coal, howevo-, Ues below water level A ^malL 
mine was opened at Mapjan. in i9tOj the coal being conveyed to 
Namrup by a tramway 4 miles in length, but it was not a profitable 
venture* The proprietors of the Bcmolapur tea garden quarried 
the outcrops of two scams, measming 6 and 4 feet in thickness, 
near thdr properly for a short tirpe. The DiUi colliery, which 
was taken over by its present owners in 1945, contains a mimbcr of 
distorted scMns, aggregating a total thickness of 25 feet, near the 
Diaang river. The ooab from this mine contain: Moisture 5 to 
10 per cent, Volatile Matter 36 to 42 per cent. Fixed Garboii 
42 to 53 per cent. Ash 2 to 18 per cent. Their sulphur content is 
about 2 ■ 5 per cent. 

Coal production from the Sibsagar district appears in the 
official returns as a total of 4,283 tom for the yeara 1917 to 19191 
and then again from 1942 onwards: tip to the end of 1950 a total 
of 193,859 tons had been raised* the output for 1950 being ^,944 
tons. 


Makum. "Hie Fiamdiing-Ledo, or Maktim coalfield, Uea to 
the east of Jaipur* and the Coal Measures occupy a narrow strip 
some ifi miles lo^ and one mile broad. Mallet, in 1876^ round 
Ac best outcropa in Ac ^ J miles' stretch between Ac Namdaiig and 
Tirap streams. According to Evans Aick coal seams wiA 

carbonaceous shal^, shales and sandstones form the lower part 
of Ac TUtak Parbat Stage, while Ac workable teams aie limited 
to a naall part of the succession. The lovmt or ‘ Thick * coal ti 
O'fLeu termed tht * So^-foot scam * and in many places it is divided 
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into thrco ^paratc onea. Above this coal there are two compara^ 
tively thin seamap followed by the ^ ao-foot * coal, which, in its 
turn, is also followed by several thinner scams. In some areas^p 
parts of the * Thick * coal arc missing, and the ^o-foot scam has 
been eroded over a large area near Baragolai, The average dip 
h highj but the outcrops^ bedn^ often some hundreds of feet above 
the phuns, permit of mining by means of adit levels* In 1900^ 
G, E, Harris estimated that in the stretch of ground mentioned 
above there is a total of go millions of tons of coal above natural 
drainage level. According to Sir Cyril Fox, not less than a further 
Eoo million tons exists between Ledo and Tipong, while ^ taking 
the whole area involved from the longiiude of Maknm to the 
hairpin bend of the Titap^ say 50 square the quantity of 

coal within a depth of 3,000 feet must be of tl^ order of i,ocx> 
million tons \ 

Mining commenced in 1881 when collieries were opened at 
Ledo and Tikak and a little later at Namdang. A metre-gauge 
railway, 77 miles in length, was made to the fields from the Brahma^ 
putra valley near Dlbrugarh, and more collieries followed later, 
at Baragolai (in die Thi<± of Makum), at Lakhpani (in the 

Lakhpani scam) and at Tipongpani (in the Makum Thick and 
20-foot Seams)The coal is of excellent quality, a valuable gas- 
producing material which aUo furnishes a hard, porous^ low ash 
coke; its only defect a its large sulphur contenL A recent analysis 
of a dried sample showed: Volatile Matter 44-38 per cent, Fixed 
Carbon 52 - 92 per cent. Ash 2 - 70 per cent* Moisture in original 
sample 2-06 per cent, Sulphur 2*89 pier cent* The average 
theoretical caloriEc value of ten samples of Makum coal, quoted 
by Rh R. Simpson, is 7,447 calorics, compared with the value of 
6,526 calories calciilated for thirty-one sampler of Raniganj coal. 
Makum coal is consumed by raOways, river steamers, tea fiictories, 
and rice and oil mills in Assanu In 1884, the output w'as t 9 H^ 
tons and by 1900 it had risen to 215,962 tons: for the next twenty 
years it Auctuated between 250 and 305 thousand tons per annum* 
The highest production was 307,414 tons in 1930, and m 1950, 
303,584 tonsj being 0-94 per cent of the total Indian output for 
that year, were raised. The total tonnage taken from the field 
between 1900 and 1950 was 13,125,970 tons. 

Jfamckik. The discovery of coal in the Namely yalley, dose 
to its junction with the Dching river, and but 18 miles in a straight 
line from Ledo, by W* Griffith and H* Bigge, was announced by 
the latter to the Asiatic Society of Bengal in 1B37* Later, the 
scams were described by Medlicott in 1865 and examined by Sir 
Edwin Psscoe in 1911. He reported five groups of seams within 
360 feet of strata: their total thickness is 60 feet, of which only 
5 or 6 feet are of poor quality; the best seam is 21 i feet thick but it 
contains 3 thin clay bands. The average analysis of the coal is * 
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Volatile Matter 44*4 P®" Fixed Carboo 53-9 per cent. Ash 
a ’ 7 per cent. The Ct^ Measures arc art extension of those of the 
Makum held and they have also been traced further east still in 
the Namphttk valley, where 600 miilian tons of workable coal are 
said to be available, and on to the slopes of the hliao Bum range, 
t^ugh here they appear to be thinning out. All these localities 
tie beyond the eastern border of the Lakhimpur district and in the 
Sadiya Frontier Tract. 


ANALYSES OF ASSAMESE COALS 
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Teetiarv Coalfields of KAsmiut 

TTic nett Tertia^ coalfields to be described lie in the Jammu 
wvuioe of Kashmir, but it is necessary to mention the recent 
dtscervery of an intemiediate occunciice near the base of Maha- 
bharat Lckh, in the Sallyana district of west Nepal, where G. N. Ehitt 
h^ found coal seams of Eocene age up to 8 feet in thickness and 
with about la per cent of moisture, ai per cent of volatile matter, 
31 per cent of fixed carbon and 36 per cent of ash. 

Coal Measures of Jammu occur on the flanks of elongated 
domes, strung out roughly east and west, over a distance of 40 miles 
across the hills some ao miles north of Jammu dty. There are six 
of th<^Structures: the large Riasi dome, bisected fay the Chmab 
river from north to south, and its isolated representative of Dandli; 
u Mahogala. Meifca and Kalakot, and finaUy 

the suhudiary northern group of Dhanswal-Sawalkot, found in 
1924. Visited by Medlicott in 1&59, various reports have been 
wnttCT on them mduding those by Iji Touche (iBSS) and Simpson 
Middlenuss, in 1939, investigated in fuller detail the three 
s^ler dom® and noted briefly on the Dhanswal-Sawalkot, 
ChaW and Chmfcah fields, the two latter forming part of the 
Rmsi dome west of the Ghenab. The Coal Measuitt imderfie 
ui***^r limestone and are divided into an Upper Series, 
p^bly of Lo^ Eocene about iso feet thick, and an 
UT^lar ^wer Senes, 4 to 24 feet thick, also known as the Baindtic 
&cn« aa sherwn m the folJowmg TaJjIc. 
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OOAI^BEARIKG SEQUENCE OW KASHMIR 
NufiADRK] Bus (MmLuu & SiWAiiJCi) Miocene vid yenusger. 

—.-. in . .... uiucgaTcinziity .-. . 

Abdut (Eacouc). 

CaxlHlmBccaio with cqftj 

leanif Bud Iroiisitonc bAodi. 
Total thiduiem About too feet. 

Bsuxiter bAitntie dAym And 
tAdUn with IocaI inmibme and 
in tbkk kaau At certiun 
places. Thickness 4 la over 
24 feeL 

Chert fragnicnti In cnkamus 
or slliceoui ceoaent; ^ 10 |d 

IrtL uiikii{iwii+ 

Maskvc grey linicflocie. 
Probably Fcrnuon. 


Non the Rankj of the doma ibe cool-bcajing Eocene rocks are oveiiaiD 

by ihesAnditona of the Mucm Soieii. In thdr umer pMJH the 
Lying Creai (Riosa) limatona crop ouL 

In the Dandlx field, described by C. M. F. Wright in 1905 and 
by D, Wadia^ in parti in igaQ* which crosses into Ptxmdi, 
there arc two or three iciconstant;, Lentjcular seams, frotn 6 to 38 
inches thick, of extremely crushed coal, which in Wrighfs opmlon 
offer no inducement to exploitation. The only wwkable portion 
of the Ladda-Sanganinaig field of the Riasi dome, according to 
Simpson, lies between Ladda and the Anji valley, east of the 
Ghenab, where a seam, averaging about 31 inches in thickness, 
probably contains about if million tons of wwkablc coal and 
possibly 3} millioD tons above free drainage level. In the years 
1902-4, 2,407 tons were taken from thU Ladda field. 

In the areas west of the Qienah, outcrops of a seam of w^orkable 
thickness occur at scvcnil places tetween the river and Chakor, 
near the western end of the Riasi dome, and over a distance of 
some ten miles. Middlexmss thoiighr that the r^on around 
Chinkoh, near the river itself, should yield 6 million tons. The 
Upper Measures of the Chakar field have two scomSp each about 
5 feet in thickness, with a reserve of about 9 million tons+ 

Five miles west of the Chalcar field lies that ofMahogala where 
the scams of the Lower Measures are sporadic and pMr, but the 
Upper Measures, especially to the north and east, have two main 
teams of low volatile coal of exceOent quality, though it is soft and 
friable. The two scams total about 12 feet in thickn^s and 4 
million tons of coal are regarded as " reasonably in sight * in them- 
The Metka field, one mile west ofMahogala, has three separate 
seams in the Upper Measures with a lotah average ^thickness of 
5 feet, from which 5 million tons of mainly fiiablep seminOnthraclde 
coal may be obtainable. 


NtnotirLfitc Luoaro^izi ^ soaijes 
E Uma Com. MoAroitci .. 
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Kalakot is the mo^t westerly member of the maJit, souihtxii 
group, situated miles west of the Mcilta field. Its Lower 
Measures contain a seam of good-quality, hard, scim-bituminous 
coal, varying up to 17 feet in thickness, with estimated mmim nni 
Reserves of 1 million tons. An upper seam in the Upper Pleasures 
is from 4 Its 7 Ihet thick and should yield about G million tons of 
second-class fuel, for though a low volatile, bituminous to setni- 
bituminous tyjK, it is relatively Idgh in ash. A thin, a- to 2i-f(iot 
seam occuis, still in the Upper Measures, though 40 feel below the 
lormcr one. l^th it and another middle seam are said to contain 
a further 2 nullion tons of very good coal, perhaps all of which, 
however, will requite briquetting before being m^rk i- t ed, if it ever 
comes to be mined. 

The outlymg Dhanswal-Sawalkot field stretches to the east- 
south-e^t from Dhanswal to Lodhra, a distance of about la miH , 
^d m it the main scam, up to 7 feet in thickness, rests on the 
Baimtic Series. Its cod is greatly cnished and powdery, of an 
anthracitic character, with oidy about lO per cent of volatile matter 
content. Its possible reserves have been given as 
g Dulltod tons. About 40 feet abtive this scam there is another 
thmner one. In cdculating the reserves of the Kashmir fields, an 
arbitrary hmitmg depth of 1,000 feet has been taken, but there is 
no apparent geological reason why the seams should not extend to 
greater depths than this. 

About 1945, the Mining Department of Kashmir announced the 
d«cov«y of a seam of gs^ coal, 4 feet thick, at Khuiratta, some 
18 mdes to the west of the Kalakot field, and of another steeply 
dipping scam of si^ar quality, 10 feet thick, at jangalgali, about 
'‘^^th-nor^th^t of Jammu. Departmental 
mining ^ underground methods commenced at K^akot and 
Jangalgali, both of which are in the RJasi district, about itM-iv. and 
open-cast quarrying of outcrop material at DandU, in the Nurpur 
district, m 1943. While the coal from Kalakot is hard Ld 

J* * semi-anthracitiq powder which is used 
in brick kilns. The coal Jangalgali too is powdery, but it 
ran how^. be coked. The total output of coal record.^ from 
ttashmir between 1939 and 1949 was 35,827 tons. 

The Eo^e coals of India and Pakistan are largely of a lignitic 
Racier, but in_ Kashmir as well as certain other Hima^Jan 
^as rank coals Kcur, the change having been brought 

which developed during the earth movements 

of the range, mainly during late 
times. Thus it comes about that the Jammu coal has a 
Knu-biti^nous and anthracitic character while most of it is very 

briquetted forms a fairly good 
coke strongly and most ap^te to 
contain a high percentage of sulphur. 
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ANALYSES OF KASHMIR COALS 
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Tertiary Ck>ALFEEL£a of TtiE West PimjAB, Pajlistan 

The events whkh !cd to the rormation of coal scams in southern 
Kashmir during carljr Eocene times were not confined to that 
region, but affected a wider part of north-wtstem India including 
the West Ponjab. The retreat of the sea towards the end of the 
Mesozoic period and the formation of a land surface, typified in 
jAmniu by the Bauxldc Series and the coal seams which follow it^ 
has its counterpart in the Lower Eocene (Ranikot) latertte and the 
associated Makerwal coal scam of the trans^It^us Salt Range 
beyond Knlabagh. 

After its formation there were further encroachments of the sea, 
marked by the foramuufcral limestones, marls, shales and 
subordLnate sandstones which follow it* hut local f^tuarlne and 
marshy conditions disturbed this particular marine phase during 
late Ranikot and succeeding Taki times. It was during a marine 
reoemon of the Upper I^nikot that the Dandot seam was 
formed over what is now the eastern Salt Range and parts of 
the Kala Chitta area, while during the ensuing Laki period 
several thin seams bad their origin in parts of Baluchistan, and 
Sind, 

The Coal Measures of the West Punjab Ln Pakistan then are 
found at two distinct geological horizons of Lower and of Uppm 
Ranikot agCj though both are not productive in the same fields. 
The coals themselves arc iignitic in character and cither non- or 
poorly caking * sometimes banded and brightj liable to marked 
variation of composition from place to place, and often in a single 
seam^ and relatively high both in moisture and sulphur^ The 
seams o-op out mainly in the scarp* overlooking the Jheliim 
plain in tiue ^stem S^t Range and that of the Indus, in the 
Mianwali district^ m its western cxtenaloni Early accounts of 
the Punjab Salt Range coal were given by A. Fleming between 
1848 and 1855, while a later list made by T. Oldham, the 
first Director of the Geological Survey of India, menUDm 
thirteen localities, many of which, however, have no economic 
Bignihcance. 
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Ea^Snit&mge. In the middle pan of the Salt Range acam* 
the Dandot scam IS found associated with shales lying between 
umesEdTi» ofRanitot and Laki agiw, respectively j jt is tlms some- 
what than the Malcrwal seam of the trans-ImJus range 

described bel^. The Dandot seam is fairly constant eastwards 
as Jar as ^e Bha^wala area but westwards it u shaly and is not 
mined. It continues northwards beneath the imdcrlying Utj 
Itmcsiones and shales of the plateau, and being horLmnial, or only 
gendy indin^, lies withm depths of 350 and 450 feet. As a result 
of the nigged topography and the intersection of the plateau by 
d«p gorges, various repara^ areas have to be mentionW though 
one seam is concerned and the workable area, as far as a 
teown, IS co^ntrf to a distance of 3 to 5 miles from the scarp face. 

to the north on the slopes of the Diljabba range. 

S/tfgamaltt Arta. includes the small plateau 8 square 

mite m alcnt, Ar., .he t^rtm pan if ihi ra^ 

“j™ ““M b. hr .bowf JL 

iL . -1 M ftainiated a reserre of 88,000 lom of proved 

and available coal, in a seam which varied from pracucally nmhinu 
up to a maximum of 7 feet in thickness. Between i B77 Lid iSns 

ST hc?Sr^vl"“T^i in the la^ 

the ^orth-Wertcrn^Railway Co, commenced mining, connect¬ 
ive'vtth Ae Sind-Sagar line at Haranpur, a&iut 1896. 

^ ' 3 *>897. IJiit operad^ 
cewd m 1900 owin^ to the poor qii^ty of the coaJ. 

Arte. From BhaganwaJa the Coal Measures continue 
Mppmg out to the wcst-south-ivcatwards around the scarp and 

KdhSd^ ^includes the tracts around^dS^ 
Fidh and Mamhala, where the seam varies fiom a to i feet in thic^ 

S at !r^‘ limestones both at D^^ot 

£tw^^!m!i ^ T “ nonh^, by tbc railway company 

^eeu and 1911. when the coilieries were sold to a private 
firm. Various small concerns continue to work in thi. ,irJ^ a 
^ propo^ that the 

S the "Itould be extended and linked 

u« cS 7 ^ "S” ?h'“n 

P^«l“«i«nior 19*61^76.853 tons!'*' 

Arta. On the Caiittidand 
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thickness^ The output from the drifts here is moved by tramway 
to the railway at Golpurp and it is eouuted as part of die 
Dandot productioiL 

Dh^ik^JTaiha Ana* From the Chittiiiand ptateau the Coa] 
Measures again continue westward^ cropping out along the scarp 
sJopes past Sai^hi and Nurpur^ to the Dhak-Katha area of the 
Sargodha districts Numerous small mines have been at work for 
many years north-north-west of Katha^ as at Tejuwata near the 
crest of the srarp, and at Jhakarltot^ miles further south-west^ 
where a variable seam avera^ about 3 feet In thickness. They 
are connected by a tramway with the railway at Dhak station to the 
south. From I905t when separate statistics commenced, to 19461 
a total of 268^772 10ns had been won, the annual outputs stcaj^y 
increasing to a maximum of 12,1180 tons in 1946, 

A firm of consulthig mining engineers, engaged by the Govern¬ 
ment of West I^kistan in [949^ has estimated the workable reserves 
of coal in the Salt Range of the West Punjab as follows; 


WORKABLE RESERX'ES OF SALT RANGE COAL 


Aua 
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Note,—The succodtil f e tov efy dt these resenei h dcpaukiit on the pfQvtneiL 
dE cafiiud, the introdueliaa of modera mining niethodi ated the ceoitmc* 
doa of pfopec surEire ixan^rE fadlitks. 


YtaiU'Indiis Rangis* The thin coal and coaly shale bands which 
occur in the Jurassic rocks, north of Kalabagh on the west bank 
of the Indus, and also above Kutch a few miles further north, in 
the h^lianwidi district, arc of little economic interest and workable 
coal seams arc confined to the Lower Eocene. The general 
direction of the Salt Range on this side of the Indus, whem it is 
known under a variety of names, is at first northwards and then 
Westwards from Kalabagh to bcy'ond Chapri and later it turns 
southwards to the Kurram river, the Coal Measures cropping out 
in the scarps overlooking the alluvial plain of Isa Khd. The 
Dandot seam of the eastern Salt Range lies above the Ranikot 
LimestoneS| but die Makcrwal scam of the trans-lndm KClion lies 
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in the basal Eocene jajidstone below them. The horizon of the 
Dandot seam iuelf, both here and in the western half of the dj- 
I^us lange, u merely represented hy carbonaceous shale. The 
Maierwal seam u on the whole similar to the Dandot one, thouirh 
m pla^ of somewhat superior quality. It varits greatly in thick- 
heuig entirely absent in some parts and usually up to q feet 
thick, but in the south of the Makerwal area it is Miid locally to 
at^n a d^knea of la feet, including a shaly parting about its 

u r outcrop of the Coal Measures lies 

^tlun tfe Isa KheJ tiihsit of the Mianwali district of the West 
Fuiyab, but around and south-west of Chaprj, the beds dip north- 

^lones of the Kohat^district. 
m the ^o^th-West Frontier Province. It is again necessary to 

consider separate areas as follows: ^ ^ 

^„a. A thin scam, a to 3 feet in thickness, 
«£rure at ^ ti* Eootmc near the top of the scarp north^ 

by a few sn^l workS^ Eocene 

Sdfe ^ ^ south-west 

^ thin seam is exposed on the 

ChiS^^'* "”8 4^5 milo west of the 

Chichali Pas^ t^arca embraces the whole sweep of the Maldan- 

^ cl^ges it* direc^tion fiom north- 

to iouth, a distance in a straight line of 13 m il f^ Several 
small workings have proved the scam to vary rapidly un to a few 
feet m thickness, though in some localities fehas £it bcej found. 

^ directly south of Malta 
^ Borth-west of the town of 
SdtM Khel, more than half of the Punjab's production of coal 
has been won m recent yearn. The seam underlin thTiSL^ 

Sir iTf«l ri? and locally attains ^Sek- 

of 10 feet. Aough it usuaUy vanes hccwccn 4 and 8 feet R. R 

Btablishcd here has been fulfilled. The production of 5^ lonS 
menuy. iiic ntimes are served by a metre-gause tradL about 

SiiS" •?“£ “ ““ 

MakerwaJ area: proved and readily available ;esexv«^^i^ 
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levd amoiiDt to ],ioo,ow tom. Just south of Maicrvi'al colliery 
the Coal Measures disappear beneath ailuvium. The Wcat 
Punjab and Baluchistan between them account for practically the 
whole of the coal production of Pakistan and statistics published 
by its Department of Mineral ConccssiDi», in 1950^ give the total 
output for the fifty years ending 1950 as 7,059^^ tons, of which 
4,689,637 tom, or 66-4 per cent, came from the West Punjab. 


COALFIELPS OF BaLUCSIISTAN 

Thin coal seams of Eocene age occur in various parts of 
Baluchistan though easily accessjhte areas containing workable 
seams arc not numerous. They include the Khost^harig^Hatnai 
group, the Sor Range and Digari fields and the Mach area. The 
seams occur wit^ the Ghazij Shale Stage of Lakl age and are thus 
horizon within the Eocene scQucnce than those of the 
Punjab. They are associated with a great thickness of gypsiferous, 
olive-green shales and sandstones, themselves overlain and under¬ 
lain by Eocene limestones; above the latter follow the 
sandstones and clays of the higho* Tertiary, Gaj and Manchhar 
Stages. 

KhojUShan^'Htinttd Biit. The Coal Measures of this bell, 
which is situated some 30 to 40 miles east of Quetta, and about 
4,000 feet above sea level, extend from beyond Khost in the north- 
"west, through Sharigh and Nakus, to Harnai in the south-east, a 
distance of 35 or 30 miles along the general strike of the strata. 
They dip at high angles to the south-west and arc approachable 
from the Sibi-Zardalu section of the Nor tli-Wotan Railway, which 
runs more or less parallel to them. A large number of thin coal 
scams bands of coaly shale occur but many of them are only 

a few inches thick. In the Khost-Shari^ section thin seams of 
1 ^ to 3, 3 to 3 and 4^ feet thick, respectively, have been worked. 
The Sharigh portion of the belt, according to S. T. Ali and N. M, 
Khan, who examined it in 1948^ has a lateral extetmon of 6 
In the Nakus section^ farther south-east^ a scam, i J to 2 feet in 
thickn^^ hp been, proved over a distance of 1 1 miles» while in the 
Hamai section there is a to 3-lbot scrni which has been followed 
for mort than 4 mills. NJ, Haque, of the GcoLogidaL Survey of 
Pakistan^ mapp^ the Harnai and Nakus areas of the Sibi district 
ia 194B, and dbco\'ered a new to 3“foot seam^ traceable for 
about 6 The consulting engiaeen to the Pakistan Govern¬ 

ment estimate the workable reserves of the KhosL-Sharigh bdt at 
^g^goOiDOo tons. Collieries wwe opened by the North-Western 
Railway Go. in 1877 at Khost; at Sharigh in 1894 and at Hamai 
m but owing to disturbed ground^ variations in the 

themselves and the Liability of the coal to spontaneous combustion^ 
they were later abandoned. Owing to Its friability much of the 
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Khost coal was briquetted before use. Today there are many 
small, separate, producing units, working the outcrop coal at shallow 
depths b>' primitive, hand-to-mouth methods. In iqoo the output 
vi'as 17,664 tons and it rose to a maximum of 45,585 tons in 
gradually falling away to 17,085 tons in 1935, The collieries were 
closed about this time, though a Jew thousand tons continued to 
come annually from the region. A pronounced revival occurred 
*94^1 with an output of 36,334 The production in iQsfi 

was 33,075 tons and from tgoo to the end of that year, a total of 
1,008,340 tons had been obtained, 

Sw /hngr. Over a distance of 7 miles along the scarp of the 
Sor Range, 10 to 15 ™iles east of Quetta, there are a number of 

Seams from their outcrops: the uppi? 
o^r the Jiset thick and the lower one’ 4!^ to 5, fcet thick^ 

^ough it ia not present everywhere. The intervening shales vary 
from a few r«t to about 100 Feet in thickness and the dtp is from 
40 to 50 . Here, as clsewhcft:, the workings follow the dip of the 
and their extent h nsuaUy limited by the underground water 
level, A meiaikd read joins Spin Karci with Quetta and a &ir- 
wcathcr toad^ maintained by the Lessees themselves* connects the 
axirkings with it. The coal Is uWIy slack and powdery; 
the Mh cantent is ofren low, but there is an appreciable amount of 
sulphur, nsing m some cases to as much as 4 per cent. 


. south of the Sor Range, 

m the Quetta-PishJU district and the Kalat State, about 18 
from Spesand junedou. When R. D. Oldham visited the fidd in 
iSgo, the imnea had been worked fitfully for manv years and the 

along more than a mile of 
fo ^ invadgated the fidd in 

I ^T-fl tod reported the presence of three or four seams at Digati, 
of which only two sn workable: a lower one, 5 fi»t thick, and an 
thi^ separated by shales and sandstones up to 

»»ipbMT content 

ranging between 1-8 and 4-1 per cent; the ash varies from 4-8 to 

T. L ^'8^. two scams are mined 

at bh™ Ab; seated by 50 to 100 feet of saridstonea, they are 

dso contains some shaJey bands. The 
^ wntains 14-8 per cent of ash and 1 *9 per 

S-l most Digari coal, consists of lump 

The total probable rraerves 

fo^ T « [7.^,tx>o tons in the Sor Range and 

t<3ns ui the Digan^Sbi™ Ab arta* ^ 

iT^f c«stena of coal at Mach, In the BoLm Pass, was 
ted by Hutton m 1846 and the occurrences are within a few 
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mjJra of the main raij^vay line to Quetta. There are a number 
or thm up to feet thick, but only three or four qf them 

are work^bk. M the whole of this area has brai subjected to 
ffTTOt tectonic distwbance, the CoaJ Measures in the soft Ghazii 
ahalta, mwtly unpretKted Jjy hander, overlying beds, have suflered 
severe folding faulting, so that minitig becomes unusually 

woriidgs generafjy end within a few 
hundred feet of the outcrops. The coal is friable with sulphur 
cootEncs up to 6*5 per cent. Assuming a total length of 3 miles 
^ckn« or4 feet, a quarter of I million tons 
should be obtai^ble withtn a depth of 100 feet. The minitiH 
consultants to^ the Govmmiimt of Pakistan, however, compute 

Sfs 15,050.000 tons, though to obtain 

l^s, ^pital, as i*Tell^ m^cm mining methods and machines, 
will be iwessaiy. Official coal statistics as published do not 
producUon of the many individual mines, often 
o^raicd by petty Ibsw and small sub-conttactors, in the Sor 
Ra^, Mach and Kalat areas. At the commencement of the 
p^t century, the a^sregate total output was about 5,600 tons 
per a^um and with minor fluctuations it increased to orer 13 000 
i™ m the nc« twenty years. The largest recorded output of 
those d^ was m 1933, with its 26,269 «>ns, and thereafter it ^ed 
widdy between 5,^ and 17,000 tons until the forties. The second 
world war jmd subsequent events greatly stimulated the industry, 
production jumping from lof thotisand tons in 1942 to 40.000 in 
p^ing loo^CTO tons in 1944^ and reaching I73j5b3 tons in 
*94 t ipvmg a gi^d total of 098p83j tons for the period looo to 
1946, mclmt^vc. Since that time output has couiJnued toi^. 
paru^iarly m the coalfields of Baluchistan as a whole. 

The total output of the West Punjab and Baluchistan for the 

1^1° o*? “ '^ready stated, 7,059,458 tons, and 

I?, Baluchistan contributed 33*6 per cent and the West 

^ ^ ^ figures give no indication of a 

markt^ change which has taken place. In the earlier years the 
Punjab generally greatly exceeded that of 
Baluchistan, but since 1945 Baluchistan production has approached 
^d in some years passed, that of the West Punjab. Thus, for the 
th^ 195®* wluie the average annual production from 

compmed with 151,604 tons and 62,201 tons, respec* 
qumquennium, ending 1945. These are 
figuro as coal tonnages are reckoned but they are of some 
economic aigiuficance in a region where fuel is so scarce, the 
^tauc^ to the important Indjan fields so great, and the local 
den^d so much in excess of internal supplies. The Department 
of Mmci^ Concessions of the Government of PitkistATT^mated 
m 1950 that the dei^d for coal of all types was about 3! milHon 
tons per jumum at that tune. 
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COAIJTOLIW OF SjNt> 

Jhimpir, A thin, lenticular seam af lignitic coal, 9 to 30 iDchs 
in thickness^ ocioira amongst tlie ^ndstones and shales fomiiiig the 
uppermost division of the Lower EocenCp Ranikot Series, about 
Jhuopir, Meting and other pLac« in ihe Karacht district of Smd^ 
about ^ miles north-east of Karachi itself. It Is unusually high 
in moblurei contaim 6 to 3 per cent of ash and is liable to sponta¬ 
neous combustion- The seam, with a low and uniform dip^ lies 
50 to 70 feet below a series of low hills and is mined from short 
adits over an outcrop length of 13 miles* The Jhimpir portion of 
the field ts about 6 mites from the railw^ay station of the same name. 
The conmltants of the Fahistan Gov'emment have rccommendjod 
thedrilling of the Jhimpir field as a matter of pruuary importance 
10 prove its extent and resources. Production commenced with 
6,245 ^944 73^9^4 tons had been won by the end of 1950* 


Other Coal OoouRRENOEa in Pakistan 


The Ckial Measures of the Mian wall district of the West Punjab 
continue down dip into the Kohat district of the North-West 
Frontier Pro^dnee and are found on the crest of the Surgh^^ range. 
Just under which the outcrops arc worked. The seam also crops 
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out in tlxe Baroch gorge of Kohat where it b 2 fcci and 1 a inched in 
ihickncfs, 

The coaJ of the Ghcrat HiLb^ Nowsheraj Peshawar dutrich was 
myeatigated by N. M. IChan and J. M. Master in 1948, and though 
□tiginaiiy a thin seam it JS now broken up into lenses of smah 
dimenwons through the action of earth movements, l^eir db- 
continuity and thinness together with the crushed condition of the 
suTTQunditig ground do not warrant mining operations. 

An irregular seam^ of coal, greatly crushed and shcaredj crops 
out among shales Avhich underlie Nununuiitic Umestone, in the 
Dorc ^-aliey, east of Abbottahad, in Hazara* It varis greatly in 
thickness, from nothing up 10 17 feet ; most of it is of very poor 
c^uaUty with a high ash con tent* Small q uantitiK have been mined 
in the past for local brick^buming and Lime kilns, but attempts to 
exploit it on a larger scale have not been profitable. 

Coalfields of Burma 

COAL* OF JURASSIC AOE 

Fanlaung Vdll^ afid LQimi, Goal ^ams of Jurassic age occur in 
the Panlaung valley, on the edge of the Southern Shan plateau, and 
some of the exposures were described by E. J, Jones in 1887* They 
were examined in 1933 by V. P. Sondhi, who found that the Coal 
Nfeasures build the Legaung ridge for a distance of 8 loilef, and 
stretch in a band, 3 to 3J nnies w'ltle, across the Tokicl valley And 
through the Wc^^Tjyt: forest into the Panlaung valley properp a 
distance of 13 miles. The coal is scattered in pockcLs, streaks and 
Icnticlcs and at only one locality, 11 miles south of L^ung, ia it 
considfnrd wortli fimher examinadon* 

In the sout^herly extendi on of the same Coal Measures, between 
Myinka and Konhla^ the best known locality is the Loian coallield 
near Kaiaw, but it is a very disturbed region in which the Coal 
Measu^ themselves are tucked into the axes of reversed folds in 
older luncstono, or faulted down into them. Extensive uiider-«^ 
ground coloration ivas carried on here about 1922 hut without 
commercial success, the seams proving exccedmely irregular, 
crushed and broken. Most of the Shan Jurassic coab are more or 
less powdery^ and could not be marketed without briqucttiiig, 
though some of them fonn a good, hard coke. 

The Jurassic coal srams of the Henzada district were 
described by Murray Stuart in 1910. Perhaps the best occurrence 
is that near Kyivctin* where a seam 0 feet thick is exposed, but the 
strata are greatly contorted and the coal so emshed that Its volatile 
contents have been diminished while its fixed carbon percentage b 
high. Attempts at mining here have not been successful and 
lajgMcalc tests of the coal have been disappointing. There are 
other seams of mutor unportance ai Hlemauk and Poaugyi. 
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^WALVSES OF BURMESE JURASSIC COALS 
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COALI OF TERTIARY AGE 

Ttrdary coal are kiio\^Ti in acvenil dlstrici^ of Burma. 

Thin, cnuhcd and shaly seams were examined in hy Sir 

Henry Hayden at Miihwe in Bharao^ while in the adjoining diairict 
of Katha, F* Noctlmg, in iSgj* had already reporttil the presence 
of several seams, includiiig one of fair quality, 4 to 5 feet thick, at 
Yuyinbyat, near PinJehu. Near Kyaukset, in Mxnbu district, 
there is stated to be a seam 4 feet 7 inches thick, while from the 
Yaw river valley in Pakokkui G. de P. Cotter and Rao Bahadur 
Sctu Rama Rao^ in 1914, described scams varying from 5 £0 6 feet 
in hut with numerous sbaly partings and of low calfu'iiic 

value, near LetpanhJa and Tazu+ The irregular seam of Lime 
Hill, near Thayctmyo, and the thin ones of Cap Island, Cheduba, 
and Ramretj in Arakan, are probably worthless, 

Kabw€L T- Oldham, in 1855, visited three coal outcrops a few 
miles west of Kabwet in the Shwebo district^ and they were 
certainly mined by the Burmese before the British occupation of 
Upper Burma, i pC- before 1SB5, The coal-bcaritig area lies between 
the Kabwet bend of the Irraw^dy and its tributary the Man 
Chaungp mining w^aa confined to a single scam about 6 feet 
thick. A company carried on operations here at inteni'als between 
iSgi and 1904, when the workable coal is said to have been 
exhausted^ The annual output varied from 10,000 to 151OOO ions, 
though in 1896 53,000 tons were extracted. 

Upptr Chindimn. The most extensive coalfields of Burma proper 
lie in a very^ isolated part of the vallc^' of the Upper Chindwin and 
probably for this reason have rcmamcd undeveloped* The Coal 
Measures arc of Eocene age and they occupy the valley's of the 
Nantahin, Pclusw^a, Maku and Telong streams, to the north of the 
Kaic river, a tributary of the Chindwin, for a distance of 55 
60 miles. According to Noctling ( t&Sg), scams of 2 feet and under 
are the general rule, but thickn^ses up to 12 feet occur* In the 
Nantabiji'Peliiswa tract, with an area of 25 square miles, a total 
thickness of 48 feet of coal was considered to be a\'ailable, and on 
the assumption that this could be worked to an incline depth of 
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feet from the outcrops Noctling estimated diat Lhere are aio 
million tom of workable eoal in th.Ls limited portion of the Upper 
Chin dwin field. 


ANALYSES OF EURNtESE TERTIARY GOALS 
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LIGNITE 

The LlgnitcS;^ or brown coalj^ represent an early ftage in the 
transformation of plant tissues into the black coak^ and as in most 
iiuLanccs the Eocene coals of India, Pakistan and Burma have not 
matured beyond the Lignidc stage, it would not be Lncorrecl to 
classify such examples hoe. But in some cases their compositiqn 
has been greatly changed through the Enflucnce of the intensE 
tectonic pressures to which they have been subjected, as in the aemi- 
anthracitic coals of southern Kashmir, and it becomes difficult to 
draw a strict line of divtsiDn. Thus the grouping adapted here is 
purely an arbitrary one and under the term * lignite * are included 
the fuels of Miocene or younger age, formed under shallow-water, 
estuarine conditions in some parts of southern India; the resinous, 
woody coal of Eocene age, occuTiing in Bikanir, Rajasthan; and 
others^ found mainly in f^shmir and Burma, which were laid do%vn 
for the most part in areas of more or less enclosed drainage, under 
lacustrine or Euvio-lacustrinc conditions^ 

As a group ^uch lignites arc characterized by high mokture 
contents, volatile constituents ranging horn about 30 to 5^ per cent 
and fixed carbon under 50 per cent# They are Light in weight, 
ofien dark brown in colDur^ of tough atmeture and sometimes 
displaying a wood-like, fibrous structure* They w^cather rapidly 
on exposure, splitting earily into thin LayerSi and readily fell inta 
powder-defects which can be remedied by briquetting before their 
use as fuel. 

LiOKTtTE Fields of Southern India 

CtiddaloT^PondichfTiy The occurrence of lignite 

under the coastal flats between Fondicheny' and Cuddalorc has 
been kjiown since 1884, when W. King publijihed an account of 
assay's and triak of Lo<^ lignite made for a French firm, who 
proposed to compress the material into briquettes for fuel, a venture 
which was not carried to a successful cundusion. The ligpite had 
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hc^n prcKved in three boreholes at the following localitici: BaJnir, 
5 miles north*north-wcst of Caimanore; Amnganur, miLes north 
of and KanniyakoviJg 3 niUes north of CannEmore. The 

depth of the seam firocn the surface and its thickness wcrci at Bahur, 
feet and 35 feet; at Aianganur, 203 feet and 27 feet; at 
KnimiyakoviJ, 330 feet and 50 fect^ From these depths it la eaJeu- 
lated that the scam has a dip towards the south-south-east of 50 feet 
per mile. A second seam^ 5J feet thick^ was encountered in the 
borehole at Kanniyakovil at a depth of 330 feet. One of the better 
of several available analyses show^si Moisture 16-28 per cent, 
Volatile Matter 38'55 per cent. Fixed Carbon 37-72 per cent^ Ash 
7 ■ 4^ per cent, CSori& Value 5^3 iS calories. Seven samples of the 
IJgmte analysed in Paris showed an average ash content of 8^35 
per cent, 

S&ath JrrcL Lignite was found again about 1934 during boring 
operations for artesian water in the neighbourhood of Ncyveli, 
near VriddhachaJam, South Arcot district, some 120 miles south 
of hfadras. Three or four boreholes made by Messrs BLnny & 
Co. (Madras), Ltd led to the further recognition of lignite of good 
quality, and systematiq drilling by officers of the Geological Sitrvey 
of Ifidla, imdcrr the direction of Dr M. S. KrisJman, were conunenc- 
ed in 1943 and completed in 1947, aficr proving a reserve of 310-400 
million tons in an area of about i6--ao square miles in the t^^hiltji 
of Vriddhachalam and Cuddalorc- Since 1947 j the ^^vemment 
of XIadras have been continuing the invesilgaiion and H. K* Chose, 
their Mining Engineer, proved die extension of the field to a further 
80-86 square miles, making a total of about 100 square mi les with 
cstiinatcd reserves of 2,000 million tons. Since October 1951, 
the services of Paul Eyrich of the U,S. Biirotu of Mines have been 
made amiable to the lignite investigadon, as a mining comultant 
under Truman's Point-Four Ptogramme, 

About the middle of 1954, the Government of India, under 
the Colombo Plan, obtained the services of Mc^ Powell Dui&yn 
Technical Services Ltd, Londoun Their report, submitted in 
November 1954, is under rntamj^don by the Ceniral and the 
Stale Covemments, The experimental exca^'ation for lignite 
which slartcd with equipment obtained on loan from the Govern* 
ment of India in 1952 has gone to a deplli of over 145 feet below 
ground and the remits of the cxca\'auon will soon be 
available. 

The field as at present defined is centred around Neyvcli 
station on the Southern Railway, 27 miles &t>m Cuddalore and 
11 miles from Vriddhachalam, and though its northern and north¬ 
western limitft are known, its extension to the south and south-east 
beyond the Vellar river has stilI to be pro%^cd. The area is occupied 
by CuddaJore Sandstones of Miocene age^ altemalioiis of soft, 
often water logged sandstones and grits with clays of various colours. 
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The counlTj' h practically flat with a very gentle ^ward sbpc 
displaying occasional banics of latcridied sandstone. The lignite 
Dccun as a regular scanij varying from o at the field boundary to 
go feet in thickness, wiih a low dip towards the east-south-eastt 
and showing a tendency to thicken In this direction [ it ia nowhere 
found at a depth of less than 140 feet from the gindhcc. When 
&csh the material is black and compact but it becomea dark brown 
and cracks on drying. The range of assay values from the drill 
cores was as follows; 


MauEure (dry *ir) +, ^. 11 10 i5"5 P^r «Qt 

VoLatiir Mfttttr * + * * 40 to 5$ per cent 

Fixed Carbon .. .. .. lo 30 per emt 

Ath «+ ^^ ^ - p 3 Eo G per cent 

Pbosphorul .. %» «» tnuccs 

Slilpiiur ,. O'5 to i" 4 per cent 

Daiod^ Value +, . - . - ^000 to 9,900 Briiiih Thmnal Uniu. 


The moisture content in situ is approximately 45 to 50 per cent. 
TTic pfcsencc of strong water sands under artesian conditions caused 
considerable lechmcii difBculties during boring operations and 
later when a shaft was sunk to the lignite seam. In both cases 
these difficulties were surmounted successfully^, and during Novem¬ 
ber* 1951* t2D tons had been raised for testing purposes. The 
thickness of the seam at the shaft bottom Is stated to be 65 feet, and 
the depth of the shaft, including the scam itself, h 240 feet- No 
water under prcsmrc was encountered above the lignite s eam, but 
below it* unocr an intervening layer of clay varying in thicknraa 
between o and 35 feet* a sandstone carries an artesian aquifer under 
pressure. 

The present experimental working bes about one mile north of 
Ncyveli railway station and adjoins the site of the completed lo-fbot 
shaft noted above. It covers an area of 600 X 600 feet, has a more 
or less tank-like form and is intended to catpose an area of ligmtc 
covering lOO X loO feet. Thi$ working* commenced on 5 March 
1953, will afford data of the actual slope of the seam, iy water 
Cqnteiits and at the same time provide some idea of probable 
working costs- Such studied are necessary as a basis for the develop^ 
ment of more eitteiuive operations. 

The overburden in this area will be about tSo feet* exposing a 
scam of lignite 60 feet In thidenss. This giii’ea an overburden to 
coal ratio of 3 - 1, w'hich the advisory engineers consider well within 
the limits of economic recovery. The overburden it^lf carries 
two layers of refractory days which wiU also be exploited- ^y 
water accumulatlfig during the course of the mining operations 
will be stored in * tanks * which already ocist in the neighbourhood, 
and direcred from them for irrigauon purposes. 

The presence of lignite in the areas described in Pondicherry 
and South Arcot leads to the view that it may abo be present m 
the Cuddalore Sandstones which occupy several scores of square 
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miles in the districts of Tiruchirapalli, Tanjon; and Ramnnatha- 
puram, and that these areas should be s^'stcinaiucaUy invests gated for 
this purpose. 


Ligniir Dtpjtis cf ih^ C^asL The Guddalqre Sandstones 
of the East Coast have their coiinteqsarts on the West Cbast^ 
where they are known as the Warkalli (Varknla) Beds which are 
found not orUy at and around Varkala and Quilon, in TravancorOj 
but also extend northwards into Malabar and South fCanara, 
M long ago as 1910, L C. Ghako and E. Massillamaiii, the State 
of Tmvancore at that time, estimated the presence of 
176 mithon ioii!i of lignite beneath an area of 41 square mUcs, 
near Varkala and other places. Moreover^ Ugnice b known to 
occur near Bcypore and Cannanorc in Malabar and near Rasarcoci 
in South Kananu 


LfQ>frm OF Rajasthan 

Palam ^Bikaner). ^ A seam of dark browTii resinous^ w'oody to 
praty Iiginte was discovered at Palana, 13 miles south-west of 
Bikaner city, during wcU-sintlng operadons in i8oG. It varies 
up to a total of about ao feet in thickniM, Lies beneath roraminiferal 
Junestones and a probably of Lower Eocene age. Mining com- 
™ *8985^ railway connexion was established with the 
Jodhpiir-Biiancr line and productinii commcnoecl in 190O. Since 
that time it has continued without interruption, the fuel being 
orainly consumed on the railway after briquetlmg. Up to th* end 
of 1950, a total of {,509,319 tons had been won; ibe recoid output 
was 7S,37i to^ in 1948 and the average annual production for the 
eve ending 1949 was 60,187 As mined, the lignite 

con^ from 40 to 45 per cent of moisture, but a few days’ exposure 
to ^ of the Rajasthan desert reduces this to 15 per cent 

w lc». The IS flat, Md as the a^ is largely covered by 
esert sand, little is known about iis possible extensjon^^ Sir GvriJ 
Fox menuons, however, that lignite has been proved at Madh, 
nearly ao miles west of Falana, at a depth of too ifet, while another 
scam been found near Chancri, 3a miles away, 180 feet below 
toe surlacc. Thus it mav well prove that the lignite resources of 

Bikaner arc of considerable magnitude. 

ANALYSES OF BIKANER, LIGNITE 
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Ljgnttt of KjKBunm 

Sfudiganga md Hmdwi^r^. TTnj lignite fields in the Karc^'a 
formation of the Vale of Kashmir^ which are of late Tertiary age, 
were described by C. Middlemiss in i In the Raithan and 
Lanyalab basins of the Shaliganga area^ a minibium amount of 
4 million tons is av'ailable, whlLc the Handwam area eontains 
35 million tons, in continuous scams from 2| to 6 or 3 feet thick, 
down to easily workable IcveU. The areas mentioned are 40 miles 
apart, but if* as seems probable^ Lignite also occurs in the higher, 
south-western^ dUconnccted, Xarewa basms, over the greater part 
of the Valley of KasJiimr, the nan titles would breome very large 
indeed, 1 1 is a low-grade, rather impure Rj el, earthy in appearance, 
of a dark brown to black colour and of a slabby structure;, averaging 
some 15 per cent Moisture, afi per cent Volatile Matter, 27 per cent 
Fixed Carbon and 30 per cent Ash. It can be burnt under favour¬ 
able conditions in stoves and fiimaces and may prove us^ut for 
distillatjon in the future. The Mining Oepartment of the RashmXr 
and Jammu Government has marketed the raw Lignite for local 
consumption since 1944, from workings at Nlchoma and Raithan, 
izi the Handivara and Eadgam tfhsils respectively. The total 
production from 1944 10 1946 was 6,403 tom. 


LrojnTE OF East Pakistan 

and Mynunsingh. Irregular, lenticular beds of lignite 
have been found along the banks of certain rivers and lakes, at 
about water level, in deltaic deposits of the Ganga and Brahma- 
puo^ rivers, m'cr an area of about 170 square miles, in the Sylhet 
district of East Pakistan, extending northwards into the Mymcn- 
si^h district. The average thickness which is visible above water, 
vrithin a depth of 10 feet from the surikee, is 2 J feet. 


Lignite of Burma 


ItEltOUl OBTRICT 

Thtindaw-Iiawnujpjnnn The Thcindaw-KaiAmapyin field of 
Mergui, the southernmost district of Lower Burma, in which shales, 
sandstones and conglomerated of late Tertiary age, deposited in 
old rher valleys, corrcaponding generally vdth the existing courses 
of the more important streams, and its associated seams of Lignite, 
have been the subject of numerous reports, exfendmg over a period 
of ahnpst one hundred years. The more important of these were 
summarised by A. M- Heron in igig* together with the results qf 
his own investigations. A number of seams, from 4 to 15 feet in 
thicknesj are Imowti, while their enclcssing rocks cover an area of 
about 30 square miles. Practical tests of the fuel are said to have 
given good results, but until the fidd has been bored it is ini|K^ib[e 
to assess ita potentialities. Similar lignites occur in the Lcny-a 
^■allcy of the same district. 
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THE UINERAL FUELl 


THE SHAN STATES 

The lignite-bearing rocks of the Northern Shan States occupy 
a number of separate basins grouped around the mountain Loi 
Ling. They have originated from peaty deposits more or less 
in situ in lacustrine and fluvio^lacustrinc deposits, the formation 
of which h still proceeding in the lakes which yet remain, both in 
the Southern Shan States and in the adjoining Chinese territory 
of Yunnan^ Thus they range in age from late Pliocene to Recent 
times. 

Ijishio. The Ladiio field, with an area of about 50 square miles, 
lies in the valley of the Nam Yau rivenfp about 5 miles to the north 
of Lasbioi the terminus of the Northern Shan States branch of the 
Burma Railways. It was surveyed by La Touche and Simpson 
in J9®4'"5 and they found several outcrops of brownish-black 
lignite, with a dtstinedy woody structure, varying from 3 to 35 feet 
in thickness. Tests of the outcrop material in a locomotive were 
not successful, but this is not surprising as the fuel had not been 
briquetted and the fire-box of the engine was of the normal typ^ 
used for bumijig Bengal steam-raising coal« 

JVdwtTnj. The Namma field, with an area of 50 square mllcSp 
lies II milm soutli of the Lasbio field and was Investigated by 
Simpson in 1905. The principal seam of lustrous black lignite 
has been traced for about half a mile and varies frrom 7 to 17 feet in 
thickness. A portion of this field was explored by the Burma 
Corporation Ltd some 35 years ago, and two seanu of t and 3 f feet 
in thickness proved. According to E. L. Moldenke (192^), in the 
small area concerned there are 50 rniUion tons of lignite in the 
lower acain and 30 millions in the upper one, but it has not yet 
been used on a commercial scale. 

Afttnsang and Manset^^ The Mansang and Manscle fields, 
16 and 37 miles south and east of the Namma field respectively, are 
each about 13^ square miles in extent. Surveyed by Simpson in 
1905, they are known to contain numerous outcrops of lignite up to 

feet in thidmea. 


ANALYSES OF BURMESE AND SHAW LATE TERTtARY LIGNITES 
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AVERAGE CXJMPOSmON OF INDIAN COALS 
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PRODUCTION OF COAL IN INDIA, 
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ANNUAL EXPORTS OF COAL PROM INDIA, 1947 - 5(1 {Lcfig Tem) 
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PRODUCTION OF COAL IN WEST PAKISTAN (TONS) 
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PEAT 

The first stage in the development of many types of coal is 
repnacntcd by Ae peat deposits of present and ^paiativdy 
recent umo, l^cy arc the result of the slow accumuJation of 
^^ly decayed vegeiaQon under the waterlogged conditions 
[wvalimi m swampa and marshi^ in which the rexnains of 

Situations are 

neither removed nor thoroughiy decomposed but serve as a founda* 
uon for the neat crop of younger growth as season follows season. 
In this way a succession of layer, is slowly built up-Uving piauM 
rcMpuzablc nemaiM at lower depthaf^dl in 
the bottom layers little trace of their origmal structures is left 
When deeply buried compressed in the course of geoloKicJ 
umc p«t passes into the brown coals and lignites * dgical 
In Its raw state ^t contains about 80 per cent of moisture 
but by suitable stadung and airnlrying thij^ be reduced to 
a^ut 90 per cent. Such air-dried peat is still used in isolated 
a slow-bnming fuel though its calorific value is stated 
to be only about half thafofan equS weigtaS^^^ ’SS 
m countries possessing v^ery extensive l:positrdir7robS 
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connoted with the Urge-scale profitable utilization of peat for com¬ 
mercial purposes remain unsolved, owing to the high ™t of winning, 
handiing, drying and preparing it for the market in competition with 
other fuels. Owing to Lti absorbent properties dried peat makes a good 
stable litter and then forms an exc^lent manure* It is increasingly 
employed in £urope in the preparation of horticultural composts 
^d, m the Ibrin of dmt| as a packing for fruit and vegetables for 
transit by sea, air or railway^ After the addition of chemical fertt^^ 
lizers it is utilized as a top dressing (or gras^ and other farm crops. 

Peat deposits are more characteristic of cold, temperste climates 
such as those of northern Europe and Canada than of warm tropical 
regional where the decay of plmit Jilc is usually rapid aud coiumetc | 
but even in such countries sp^tal conditions of altitude and environ¬ 
ment are occasionally foimd in which peal, or deposits of an 
amdogous character, been laid down. 

Perhaps the nearest relatives of the true peats of northern 
latitudes ate the bog peats of the Nilgiri Hills of Madras. That 
be m surUce hollows at elevations of over 6,ooo feet abene sea 
level, where the local flora shows affinities w ith that of the PaUc- 
arctic region, where Spfmgnim moss pim^aila e^ctensively as it does 
m the peat bogs of northern Europe and vrhere identical genera of 
asswiated pl^ts are present* Dried Nilgiri peat was at one time 
used as fuel m Oolacamund and, about 1870, the possibility of 
employing it in place of coal for locomotives on the Indian railways 
was di^usscd. Beyond the fact that in places some Nilgiri peat 
de[wits are said to be 30 feet deep, notl^ is known as to their 
real extent or average composition. 

In the S^-aroy Hills of the Salem district, Madras, peat is 
}?■ eWtions of OVCT 4,000 fret. According to 

ti. H, Mcdlicott. beds of scmccable peat are orfrequcDt occurrence 
at varii^ levels m thc valley of Nepal, particularly about the 

r f Katmandu where it is used 

^el for l»th brick and hme kilns. Similar material has also 
been round in the Vale of Kashmir. 

Of quite a dJ^erent character are certain deposits to which the 

for tsantofa more suitable 
vegetation of a peaty 
ofSylhet, Ca^, 

of the Brah^putra valley and of the marshes of the deltaic district 
of ^t and West Bengal. The stalks of the tall. maRMOTina 

ofdeposits UethJ 
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of this type is traceable O’^ncr a wide area about 30 feet below the 
on both sides of the Hooghly rit'cr, in the neighbourhood 
of Calcutta. As it contains both the stiunpis of coastal junrfn trees 
{Hmtura littoralii) and of aquatic plants such as Ewyali firax, it 
apprars to be of composite origin. Generally speaking it is 
too impure for use as a fuel, even if it were practicable or desirable 
to hazard minbig Operations in such a situatiun. To geologists 
these peat beds are marker horizons of the amount of subsidence 
of the land which has taken place since their formation^ a matter 
of some impoTtance in the vicinity of a great city. 

Southem India too can fkmisb examples of much the same kind 
of buried* coastal swamp peats; thus R. B. Foote and W. King 
mmtiQn a peat bed exposed at low tide in the alluvium of the 
estuary of die Vellar river, at Tolum m the South Arcot district 
of Madras* in which the leaves and fi-uits of dicotyledonous trees 
are still visible. Further south sdlh Dr M. S, Krishnan has related 
how peat was discovered in the Tanjom district, in 1828, at a 
depth of 17 feet below the surlaoc, at a location * near the promon¬ 
tory about ao mile$ from Cape CaLimerc \ This bed is over 
5 feet in thickness* full of vegetable remams* Including the bark 
and branches of treeSjr and possibly extends along the coast for 
upwards of 30 mdes. The preservatiou of this particular deposit 
was perhaps due to the same general subsidence of the coast res¬ 
ponsible for the submerged forest at the w^csiem end of Valimuhbam 
Bay in Ramanathapuram district. 

In West Pakistanp states T. Blanford* peat occurs ^ about 
half a mile west of the station at Qpetta and cxcuptes a considerable 
area of marshy ground. It h not very pure as it is somewhat 
mixed with earth but it closely resembles that found in Europe/ 

The surface pcat>' deposits of the Shan plateau of Burma arc 
formed by rank growths of aquatic plants and gras^ in gendy 
undulating situations, where stagnant conditions of drainage existi 
as, for example* in the vicinity of Nawnghkio* on the southern side 
of the Gokteik gorge. Underground peats probably exist in the 
upper layers of some of the lacustrine depcsiis of the Shan States^ 
as they do in the corresponding beds on the castem side of the 
fronlier in the Chinese province of Yunnan. 

Few analyses of Indian peats are available and most of them 
arc old, unrepresentative of the deposits as a whole and liable to 
be misleading. A re-examiaatJon of the whole subject would 
doubtless lead to results of sciendhe interest, but the known deposits 
are unlikely to prove of much practical impor tance. 

PETROLEUM 

The oiUbearing regions of Burma, India and Pakistan occur 
in the Tertiary ro^ of the Chindwin-Irrawaddy, Assam-Arakan 
and Punjab-Sind-Baluchistan belts respectively, forming, as it were* 


TK£ MINERAL FUELS 


86 

a Link bct^wn the ojlfkrlds of Bomco^k J^va and Sumatra on the 
oac hand and diose of Iran^ Saudi Arabia and Iraq on the other. 


Oilfields of Burma 

In the extreme souths the tivo arms of the T'erdary bdt of Burma 
arc separated by the alluvial, deltaic deposits of the Irrawaddy, 
but further northwards thi^ unite about Ptome and continue 
n<^wards for over 700 miles into the Upper Ghindwin valley^ 
with a maximum width of lao miles» bordered on the east by the 
outer fringes of the Shan Plateau and on th# west by the fooUhUlt 
of the Araian Yoma. The Tertiary rocks themselves are of great 
^ickness, the Middle and Lower Eocene alone having been eat- 
imatcd to possess a thickness of 15,000 fceL The Upper Eocene 
consists of the Pondaung Sandstones, up to 6,500 Feet thick, followed 
by the rocks of the Yaw Stage which range between 1,000 and 2,000 
feet in thickness. 

Above the Eocene comes W. Tbcohald^s “ Pegu System", a 
name which he applied to all the beds between the Eocene 
'Nui^ulitics ’ and the Irrawaddy (Fossil Wood) System, The 
su^ivisions of the Pegu Sptemp of great consequence from the 
point of view of petroleum ptoapccting, have undergone many 
changes over the years, but thanks mainly to the work of the 
geologisis of the Burmah Oil Company, they are now definitely 
established as shown in the Tabic below* Although the junction 
of the Yaw Stagie of the Upper Eocene exhibits no apparent 
_THE TZRTIAEY SUCCESSION IN BURMA 
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tinconTormity with the lowest Shwezetaw Stage of the Oligoccne, the 
scanty fauna of the latter contrasts strongly with the richness of 
that of the former. The Shwezetaw Siage^ from ^^ooo to 4^000 feet 
thick, dtspUys marked lateral variation and is followed upwards 
by the Padaung Clap, up to {^,500 feet of ahalea and mudstones, 
in spi te of then- name: of Middle Oligoccnc age^ they are succeeded 
by the Okhmintaung Sandstone, attaining a maxunum thickness 
of 5,000 feet, but vaiying greatly* and in some localities entirely 
removed by the uplift and subft^uenc erosion which happened 
towards the end of Oligoccne times. 

The break in the succe^ion which divides the Pegu System into 
two parts at the Oligoccne-Miocene boundary is no small, local 
event for ii h even more strongly developed tn Assam, where it 
occurs between the Barail Series and the Surma Series ; it is 
especially pronounced in the Punjab, where the Murree Series of 
Lower Miocene age rests on various members of the Eocene and 
the Oligocene ts entirely absent, and it has been reoo^niacd recently 
in Sind between the Upper and Lower Nari subdivisions, according 
to Eames (1950)* 

The Burmese Miocene has three subdivisions, the Pyawbwe 
Stage up to 3,000 feet thick, in places having a massive develop¬ 
ment of sandstones at its base, but otherwise largely of shales 
and sandstones, couioining many characteristic Miocene Jamelli- 
branchs; the overlying K^^ukkok Sandstones, which may attain 
5,000 feet, and carry a rich, molluscan fauna with a large proportion 
of gastropods and, iaadyj the Obogon Alternations which are only 
present where the erosion associated with the unconformity between 
the Irrawaddy and Pegu Systems has been comparativeLy slight. 
The depo&ita of the Irrau-addy System are of continental and 
Buviatilc types, thick conglomerates, grits and false-bedded, 
ferruginous sands with a few subordinate clays ^ sEicified wood 
is Very abundant in them and mammalLm remains similar to 
tho« of the Siwoliks of north-w^est India are found in the lower 
horizons. 

In studying the stratigraphy of the oithelds of Burma, it Is 
important to remember that in late Eocene, part of Oligooene and 
Miocene timia, the sediments deposited in the Tertiary gulf to the 
north of the main oilfields wirre generally of a nDn-madnc characteTi 
while further to the south, the prevailing conditions were essen* 
dally marine. As Tainsh has pointed out, similar events are pro¬ 
ceeding today in the Brahmaputra valley and the lower Irrawaddy 
basin, where^ within much the same tectomc Iramework, fluviadlc, 
deltaic and marine sediments are being contemporaneousiy and 
rapidly depcksited. 

The Burma Tertiary basin b divided into four stnictural uniti 
os follows — (i) a Northern or Chlndwin Basin, north of Latitude 
aa“^ sq^arated by a transverse uplift fhsm (a), the Gentral Blasin, 
lying «tween Latitudes 19^^ 30' and aa^^ and separated tn its turn 
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from (3), tliE Southern Basin^ by aji uplift about Latitude 19* 30'* 
The foii^ unit campri&es the Pegu Yuma v«th its north and south 
tremliiig^ packed foL^^ extending as far as latitude 24^ Between 
Latitudes 19® and ao^ branching folds stretch north-west^ across 
the prevaJent regional strike, and merge with the ’tvestem margin 
of the Central Basin. The folds on the eastern sides of the Northern 
and Central Basins arc usually ovcrlhnist towards the eastf and on 
their westem aides the beds as a rule- dip casterlyj though there are 
also strike faults and some subsidiary foldings 

In the Northem Basin all the surface oil show^ are in the 
Upper Eocene rocks^ particularly in the uppermost pan of the 
Pondaung Sandstones^ but the oilsands of its only known field 
arc in b-liocene or Ohgo-Miooene strata. In the Central Basin, 
although most of the surface oil shows arc in the Eocene, them 
are others at higher horizons and the production of the oiJBeJds 
comes mainly from Oligocene and Miocene rocks ranging from the 
Shtvezetaw to the K^'uukkok Sandstones. In the Sou thern Basin oil 
s«pag)es have not b^n found in the Eocene^ but there are a few in 
higher horizons, mainly of M iocene age. In the following descrip¬ 
tions the oilfidds arc traced from uorA to south. 


^ /itdW. Within the main syucline of the Northern Basin and 
lying across its central line is the anticline of Indaw, on which is 
located its solitary oilfield, about 175 miles north of any of the 
other important fields.^ Situated 2a miles inland from Pantha^ on 
^e east hank of the Chindwm river in the Upper Chindwin district^ 
it is an asymmetrical^ elongated dome with a gentle west flank 
dipping about to* to 13“, and a steeply dipping (50“ to 65*) eastern 
one- It is some g mll^ long and 2 miles amioss at its widest point, 
and in iis southern half possesses a subsidiary crest parallel to the 
main one and about haif-a-miie from it on the west. Its Pegu 
rocks are predominantly sandy in character, bnt there arc also 
altcrnadons of sands and clays, especially in the lower horuoiis. 
The bulk of the production came from shallow sands, betwccci 
8 m and i^^oo feet from the surfacej and deep tests ha\'e pro^^ed 
difficult owing to the presence of gas sands under high pressures 
below the main oil horizon^ Indeed the natural gas resources of 
the field appear to be large. The oQ was piped to a refinery at 
Pantha ^d the finished products were distributed to various 
markets in Upper Burma before the Japanese occupation of the 
country. The IndoBurma Petroleuni Co. Ltd commenced drill¬ 
ing on the Indaw field in 1912, but the prevalence of malaria 
and the difficulties of transport in this isolated region hampered 
progrea, ^ that it was not until 1918 that commercial production 
w^ obtained. The output rose to a maximum of 4,040,690 
gal ons m 193^1 after which there was a gradual decline to 2,014^072 

k j puring these 37 years of its life the Indaw field 

had yielded a total of 45,638^075 gallons of oil. 
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Sabf~TeiuingyaL These fields* together wiih the more southerly 
One of lie to ihe west of the Irrawaddy,, on the long Lnher 

of Pegu rocks which* south of the river, continues into the Singu 
or Chauk oilfields They art all, together with the Ycnangyaung 
and Miubu fields, in the Central Basin. The whole outcrop of 
the rocks of the Pegu System has a Length of 3,9 mites and a maxi¬ 
mum breadth of milcs^ trending north-north-west to souths 
south-east With its steep eastern scarp lying for half its length dose 
to the western bank of the Irrawaddy* The anticiinc is remarkably 
ax>^mmetrjcal; its gemle, western flank rising at about 15® to flo® 
while its thrust-faulted eastern one is very steep* fiometimes vertical 
and in plac^ overturned. The pitch of the ibid itself and the 
positiom of three high portions of its erst account for the oil p€»ls 
at Sabe, in the north* swound Yenangyat itsdf, some 12 miles 
further south, and again in a locality about 5 mllci further south 
still. 

T- Oldham, the first Director of the Geologic^ Sinvey of India, 
who was at Ycnangyat in 1855* suggested that it might l>c worth 
while exploiting and hand^ug wells seem to have been started 
about 18G4, though * springs of petroleuin ^ in this neighbourhood 
had been mentioned by BuckJand in 1S27, Machine drilling 
commenced in i©93 and although the wells have often started with 
big initial yidds, they declined rapidly and production has never 
been high. Most of the oilsands are sh^low* from 500 to 1,500 feet 
below the surface, near the summit of the long, narrow* Ycnangyat 
field proper. On the small Sabe field which was first developed 
in 1908, oilKinds ocojired down to i*8oo feet, but th*^ proved to 
be thin, with poor yields* and production ceased there in 1922* 

Starting with 118,400 gallons in 1893* the maximum output of 
the whole field wbs reached in 1903, with 22^ million gallons, but 
the inevitable decline though slow at first became accentuated 
later, and in the five >Tars ending 1928 production averaged oidy 
1,970,434 gallons per annum. From 192& onwards the olBcial 
returns include the output for the Lanywa field, doubtless an 
advantage to the revenue statistician but a considerable loss to the 
petroleum geologist. The production of Yenangyat alone imme¬ 
diately before the Japanese invasion was however about 5 muUon 
gallons annually, and the field has hitherto yielded about 
million gallons* The Ycnangyat and Sin^ (Ghauk) fiddi were 
connected by a pipeliiie, and the latter was joined in the same way 
with Yettangyaung, whence another line led to the refinenea at 
Syriam* near Rangoon. 

The Inianywa and Singu oilfields lie on a tiuyor -dome 
of Pegu rocks* the axis of which is slightly fli Aheion with that O'f the 
Ycnangyat field, a fact of great economic significance overlooked 
by the earlier investigators who considered the prospects of the 
Lanywa area* so far south of Ycnangyat, as hopeless* The 
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or the Indo-Burma Pttroteum Co., however, eatablishcd 

decided that Lanywa hebngs 
rather than to the Ycnan^at roldiiur. 

1 ^oticlinal crest crosses the Irrawaddy ahliquelv and rich 
o^ds lie under its fed. In igi^ a well was started on a aand- 
bankm the nvn to the jotith of Lanywa but as this became lub- 
mci^ dnrmg the flood season, the Government of the^^rderS 

Sfed o?^a“s/ another wdJ w« 

S from hf and-hank projecting from the shore and it obtained 

Camp:^y had completed an 
nrwv4 ■ protection, and by the end of tg^o there were 

J . ^-S’S'n™ »«». *i.l. » yield for U» yea, 

^ -uny of .hem 

about xi° ajid^t lAchncd wdls have dcviatioits up to 

4 been compJeted ss much aj i *^oo awav 

?™ieS."cirJ“".>’ 5^”r "" “P «“ ™« 

mpresen.! a **“. 1 * l>epeath the river 

a rem^kable technical achievement. The hiahest 

L^yv^-a when 23 million galloiu camc^m 

Wh. ah^i.“ 5 „ m'iZ'X: 

India in of the Geological Survey of 

w’?S^'rS''''S ^7 "*^“ia’w^CS^- 

^P! ofSa^ratr^‘°i™' “ ’5*’ "■ '1“ ““''™ "mi 

Shwezetaw Sandstones of unLown thfefaS fe Li^ and the 

but are penetrated by the wells The u surface 

upper part of the PaiLung cS wliich^ir^r*"^^^ "" 

ujig %..wy, wmen, in spite of its name, and its 
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great thickn™ of marine sbales^ contains sand/, oil-bearing bands 
of varymg laterali c3cicntp so to 50 feet thick. Alihough entirely 
buried in the Singii-I^anywa domcp these elan's arc partially expoacd 
at the surface further north in the Ycnimgynl field- The Shw«etaw 
Sandstones have only been reached by a few welU in the Singu 
field and have not yielded oil as yet, but they contain some 
producing wclb in Ycnangyat. 

The major portion of the hdd was leased to the Burmab Oil 
Co. Ltd and the first well was drilled in 1902; since then more than 
1,000 wells have been completed by this concern^ the Indo-Burma 
Petroleum Co* Ltd| the I^inma Development Go. Ltd and the 
British Burma Petmleum Co. Lid. At the card of 1933, there were 
562 weUs in production. There are said to be about 35 oilsands, 
varying from 10 to 50 feet in thickness, the oil pcjob lying at depths 
of i,aoo to 3 iQoq feel on the w^tem Bank, except in an area south 
of a large cross fault in the south of the fi^d where they arc (bund 
at depths of from 3 j 5 ^ feet. New wells usually Bowed 

for short periods, but most of them were pumped or drained by 
gas-lift. Following the success of the training wall and reelamation 
on the west bank of the rtver at Lanywa by the Indo-Burma 
Petroleum Go., the Burmah Oil Go. construct^ one on the cast 
bank, no simple engineering undertaJemg in a river with an annual 
rise of 40 feet and a swift current! eighty-three acres of produem'e 
territory^ since extensively drilled^ were recovered by this means 
from the bed of the river. For the five years ending 1938* the 
average annu^ production of the Singu field alone was toiia 70 
gallons, and in that year its record of i2Qj6gj8ii gallons passed 
the annual production of the Yenangyaung field -(i 13,017,514 
gallom) for the first time* In 1939, Singu gave 139,792,004 gallons 
and during the 38 years of its existence it has yidded a total of 
over 2,728 Ruilion gallons of crude oil, chamctcrized by its paraffin 
base and high wax content. 

Thirty-five miles south of Singu lies Yenang¬ 
yaung, the richest oilfield of Burma, some a miles cast of the 
Irrawaddy and near the town of the same namCj, In the Magwe 
districL It is an elongated dome of Pegu rocks on the same main 
line of folding as the Singu, Lanywa and Yctiangyat fields. Slightly 
aiymmetricdj with dips up to 40“ on its eastern and up to 50"^ on 
H3 western flank, it is crashed by numermis transverse faults and is 
about o miles long and one mile wide^ though its chief producing 
area coj^ only a portion of this. From beneath the overlying 
^rrai^ lan iwks, a portion of the Lower hfiocenc, Kyaukkok 
^dstones of the Upper Pegus, is exposed at the surface- Accord¬ 
ing to iainxh, wnting in 1950 with the permission of the principal 
od companjo concerned, these Kyaukkok beds consist of 1400 feet 
ot coarse-grained sandstones, with alternations of 

land and shale, and with gypsum-bearing shales. Under them, 
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but not exposed ai the surface, are the blue clays and shales of the 
Lower Miocene Pyawbwe Stage; 1^00 feet thick, they contain 
many thick sand beds and fossilireroiu maritw bands. Below the 
P^wDwe Come the Upper Oljgpc^cne s^xallow waltr^ 

braded, marine san^ of the Okhminuung Stage, 1,000 feet thick, 
wth subordinate shale bands and several well-known marker 
horizons of hatder, cemented sandstones or breccias. The down¬ 
ed succ^on is completed by the rocks of the Middle Oligocenc 
Piling SU^, pcrlups 3,900 feet thick, and by the underlying 
^^taws about which little is known. The upper part of thS 
Fadaung S tage camics alternating bands of sand and shale, the 
fomcr gm^y about ao feet thick. The lower part is almost 
enurely shale with very few sand mtcrcaJaiions. 

The Yenangyaung field differs from Chauk in the much smaller 
aegr« of asymmei^, the greater number of cross faults, and in the 
number and stratigraphical range of the oilsands. In Chauk, 
only the up^ sands jn the Padaung Claj-s have yet been pimedto 

'v ^^1*1 y*™*>«yaung oilsands range from the lower 
of the Kyatikkok Sandstones, through the P^wbwe Stem; and 
Ol^inlaung Sandstones into the roct of the upper part of X 
comprising a stradgraphJeal thickness of 4,500 feet 
of strata. No oil has yet been found in the lower part of the 
r^aung Siagi^ wlulc the Shwezetaw Sandstones, lying at depth, 
have stdi ,0 thoroughly tested. Altogether therf 
50 oilsj^ varying m thickness finm 10 to 150 feet, and found at 
JU depths from the surf^c to 5,500 feet. For productive purposes 
^ ividcd into Shallow, Intermediate and Lower 

developed by separate sets of wells, 
rhe po^ occur near the crest and are up to 2,600 feet 

m Width- The oil pools of the Okhmintaung Stage arc found at 
“1 »me para of the field and on the eastern flank in 
r'^’ ^ which case the crestaJ areas are gas-bearing. The nook 

eastern flank with Lrge ori^-il 

hv nulling has been practised for centuries 

on i^^e^gj-aung and certain other fields, by 
ai^g narrow, limbered shafts to sands at depths of from ^ to 
^ feet and l^g the oil from them. Under th^^BuXeS 

JJddS to on oil mining isere vested m 24 faniilies 

and ihciT hHwbta^ claims over two tracts of aqa and raa acres 

iamily annually until the whole area had been distributed The 
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oil, sd tkat by !900p kand^ug production had Increased to 
million galloos. After 1908, howevWp a rapid decline followed as 
due Krreditary families sold and leased their well sites to the 
European comparucs, yet no less than 195 wells of diis type were 
still in operation m 1938J for the oil from them has its special uses 
and an oldH^tablished coiirkct up and down the Irrawaddy valley. 

Modem exploitation dates frodi 18871 the Burmah Oil Go^ 
Ltd commenced drilling in Khodaung^ the central area which 
together with other parts of the field is leased to it* The first well 
was but yay feet deep and others were still shallower; one of them^ 
B.O.C. No. 8, 350 feet deep, is knowri to lutvc yielded oil for over 
50 years and probably could still give a small production. In 
19071 the Rangoon Oil Go. Lid began to lease well sites from the 
bcTcditary owneiSp and other companies soon followed isuitp so that 
eventually the Twingon and Berne reserv'es became congested with 
wellsf many of them only 60 or 80 feet apart^ engaged in competitive 
production which gravely increased the hazards of fire and flooding. 
Outside the reserves^ tn the blocks leased to individual companies, 
the spacing of the wells followed more normal practice. A total 
of more tli^ 4,000 wells have been drilled on the field by various 
concerns, including the Buemah Oil Company^ the Indo-Bumm 
Petroleum Company, the Briiish Emmah Pctrolciiiii Ckimpany 
(successors to the Rangioon Oil Company) and the Nath Singh. Oil 
Company; out of thb total 3,710 wells were producing oil in 193B- 
In iggo, the discovery at a depth of 4*000 feet or so of an oil-bearing 
sand in the south of me field fed to great hopes for the development 
of an area hitherto considered to be of little value. Although a 
well still fiiTther south, near the southernmost exposure of rocks 
of ihc Pegu System, found some oil at 5,000 feet, further drilling 
showed the southerly pitching end of the stmeture to be disap point¬ 
ings On the eastern flank of the andcline, however, sands between 
3,000 and 4,000 feet have given good yields* In the central part 
of the field very hi;^h pressures arc met with at depth, and testing 
has become both difficult and expensive* Se\'cral deep wells have 
been drilled below the developed sands, the deepest reaching 9,705 
fcei; although some high-pressure water-^sands were found* no 
deep oil had been discov^cred w'hcn the Japanese invasion put an 
end to ali operations on the field. 

The output of oil fiom Yenangyaung was ] | million gallons in 
1890 and increased gradually to B| rnillion g^lons in 1S97* but 
after iSg8 there was a rapid expansion from 14I miUion gallons 
in 1899 to tSi million gallons in 1909. The peak was reached with 
203,638,000 gallons in tgtfi, after which there was a steady decline- 
By 1^9 output had fallen to 106,089,250 gallons, the average for 
the five years ending 1938 being 126,676,307 gallons. From the 
commencement of drilling in 1887 to the end of 1939^ over 5,675 
million gaJbm of oil had been taken from the Ycnangyaung field* 
The crude oil, like that from Singu (Chauk) and Lauywa, has a 
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paraffin base, coniajns a high penceEitage of low boiling fractions 
and averages 7-5 per cent wa^ 

Minbu^ isjsd Tttkaj<t. A narrow, anticlinal fold in the 

Fegn rockSt trending appm^timately north and south, occtirs on 
the right bank of the Irrawaddy and extends more or less parallel 
to 20 to 30 miles of Yenangyaung- It is an acute fold, 
slightly overturned in places and overthrusted on the east, with 
steep dips on its western Aank, except in the extreme south where 
ihcry become flatter. The flexure is sharp and deeply denuded; Ui 
Sir Edwin Pascoc*s words, * not unlike that of Ycnang^m hut it has 
reached a more advanced stage ^ It possess^ a number of irregU'^ 
larities suggesting an intermittent action on the part of the forc^ 
responsible for the folding: these, and its gener^ structure, have 
rsuEted In great compression of the bcais and in the circumscribed 
character of the oil pools which have been found at certain favour¬ 
able positions along the creaL The general direction of the anticlinal 
axis is 20* w'est of north to ao^ east of south, but there are many 
local deviations. 

In the north, near the town of MLnbu, the fold is almost 
synmctrical with dips of 75^ to So* on the west, but a strike fault, 
which further south develops into a thrust, occurs a short distance 
beyond the crest, and to the east of it the beds arc vertical or over¬ 
turned- The Minbu oilfleld lies on the northerly, pitching end of 
the fold and its shallow wells obtain produc don from sands between 
1QO and 1,000 feet bdow the surface. To the south of the town are 
the mud volcanoes and gas jpools, large hollows filled with soft 
mud through which bubbles of gaseous hydrocarbons exude. Over 
much of the anticUnc the thrust has replaced the crat, so that the 
true, original crest only remains locally and for short distances. The 
fold akd pitches in the south near Yethaya, but over a distance of 
some B miles between Minbu and this place it undulates, and smafl, 
irregular domes, often dbturbed by croas £iults, occur at intca^ls- 

The small dome of PaJanyon, 6 miles south of Minbu, is one 
of these and for several years it yielded oil from sands in the i,oOo 
to 2,QOQ foot zone. It lies near the culminatiofi of the anticline 
which Is here sharply asymmetrical with its steeply dipping eastern 
limb truncated by the thrust fault. One of its wells had an initial 
production of 5,000 gallons per day. In tgss^, accompanied by 
sufficient gas to satisfy the fuel requirements of this section of the 
field for ^me time. 

The Yethaya field lies some 4 nailca south of the Paianyon 
dome, on a subsidi^^ structure dc\'cloped in the easterly, synclinal 
limb of the main Minbu field. In addition to shallow weUs between 
the depths of 300 and 600 feet which have been known for many 
years, several oilsands lying between 900 and 1,900 feet below' the 
surface were exploited later, A deep test well which reached a 
depth of 5,000 feet, approximately, was abandoned in 1931, 
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withcnit obtaining oil in proHirtblc qimndtics. Tbncc miles saixth 
ofYcthaya, miail quantities of oil were abtainctl from shalJcw wells 
at Pepi (Fetpe)i whicli lies on die main Minbii structure. It 
remains to add tbat in tbe Minbu andebne the whole sequente of 
Pegu strata from the Lower hlioccnep Kyaukkok Sandstones^ down 
to the Middle Oligocene, Padaung Stagr^ is petroliferous* but 
unfortunately its structural abnorxnalldes have either bindcred 
the acctimulation of large oil pools or have caused their dispersal 
after their fomLaiion. In the Minbu district as a whole there were 
318 producing wells at the end of 1938. Ouqiut was first recorded 
in iqtti and reached a maximum of more than. 6 miUion gallons in 
19^6* falling to less than half this amount* or g;alJons* io 

1938, A grand total of T07I mJllioa ^illons had been drawn 
finm the ^'arious sections of the anticline up to the end of that yGiJC. 

Poiiazi/cpjft. The small oilfield of Fadaukpin lies about 8 miles 
west-north*west of Thayctmyo^ the headquarters of the district 
of the same name* on the west bank of the Irrawaddy^ south of 
Minbu. It is sited on a long* steep anticline of Pegu rockSp 
developed in the trough of a wide* local syndine* The Upper 
Oligoccne* Okhmintaung Sandstones of the Lower Pegus are exposed 
here, and small quantities of oil were obtamed from hand-dug wells 
in them during the time of the Bormese kings. Early efforts at 
mcNjcTti drilling yielded only negligible raulu* but in J93<i further 
tests by Indo-Burma Oilfields Ltd led to the expectation of 
remunerative production- Although about 36 wells were drilled* 
the total production averaged less than 2*000 gallons per day and 
within a few years sank to negligible amounts. 

Terutma. Official statistics did not separate the production 
of the Padatikpin field from that of Ycxianma* which is located 
about so miles south-west of Minhla* a town on the west bank 
of the Irrawaddy* in the north of the Thayctmyo districts Three 
shallow wdla were drilled here about igi^j though without much 
success, but in 1933 deeper drilling by Indo-Burma Oilfieldi Ltd 
obtaiDcd oil at depths between 300 and 1,200 feet- As there is no 
clearly defined anticltoe hereabouts, tlte mode of occurrence of the 
oil has been the subject of controversy, though the view usually 
accepted is that it is asscMiiatcd with a monoclioal structure dose 
to strong cross faults. Four miles farther west are the mud 
volcanoes of Yegubwet, The total recorded production firom the 
Thayctmyo district up to the end of 1939 was aa^ million gallons 
approximately* During the better years of its earlier life*-the 
Yenanma oilfield used to average about t*2oO*0OO gallons per 
annum, but by the period 1930-3 production was only about one 
tenth of this amounL About t933i however* an extension of the 
then known producing area was discovered* and output quickly 
ruse to the record of 2*7x2*000 gallons by T938* dropping again to 
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I 000^16 ^locis in tq^q. The annual s^vctzgc for the quin- 

!r34-8 M"5-7=5 g^Ion.. 

7 ^ id/oit^jT Islimds. The Islaiids off the Arakan Coasti !on^ 
noted for then mud volcanoes and the subumrinc eruptions which 
occur from time to time in the neighbouring sen^ contain oil 
deposits of doubtful value; though within the traritory of the Union 
of Bunmj these occurrences reSly form the southern land lerai* 
nation of the oil shows of the Assam Tertiary bclu Hand-dug 
wells have been operated on some of them for an unknoi^m length 
of timcp At the beginning of the present century the outputs of 
the Ak)^ab and Kyaukpyu districts were roughly 50^000 and lOQpOOO 
gallons per annum^ respeclively, but the output from Akyab slowly 
dwindle and finally ceased in 1930^, while that from Kyaukpyu 
still languished at a few thousand gallons yearly. In years 
from 1900, the combined areas yielded a total of 1,9813,582 gaUonSp 
or less than the Yenangyaung field produced in one week in [93g'i 
Special rules were in existence in the days of the British adminis- 
tratioii conecTning the grant of petty leases for r^Ll in the Kyaukpyu 
district^ which were limited to a maximum of one acre and to a 
duratiQn of ten years. 

The Alyab oil oame &om the Baronga Islands^ and although 
gas vents a^ oil scepagm occur on all three of them, most of the 
oil was obtained fiom hand-dug wells, about 3cx> feet deepp in the 
southern end of the eastern island. The Itx^ rocks consist of 
sandstones and shales, probably of Miocene and Oligocene age^ 
and the structure is of steep, narrow, overfoldcd anticlines^ 

On Ramrce Island, of the Kyaukpyu distrietp there are tw'o 
smallj oil-producing areas^ near Minbyin in the northern^ and at 
Ledaung in the southern section^ respectively, which first came to 
the notice of Europeans about a century ago* Several wells were 
drilled at Yenandaung, in the Minbyin area^ by the Canadiaii 
systenip and although encouraging results were obtained at first, 
the yields gradually diminished and the induslxy passed Into local 
han^^ The productive wells, generally 250 to 300 feet deep, 
though sometimes reaching 500 feet, are laid out along two parallel 
bantb about 300 y'ards which appear perhaps to indicate 

the presence of an oihand in the two Limbs of a sharply folded and 
denuded anticlinet as the whole r^on seems to have been crushed 
into a series of steep, narrow and contiguous folds. At Ledaung^ 
there are two similar bands from which oil has been obtained l^ 
means of a few, shallow, hand-dug wellL In the opinion of Sir 
Edwin Pascoc, folding and denudation have been too severe In 
these regions to warrant the expectailon of oil in large r^uantides. 

In addidon to the main oilfields thus briefly described, petroleum 
is known to occur at many other places in Burma, particulars of 
which are obtainable in the memoirs by the late Sir ^win Fascoftp 
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G. de P. Cotter and E, L. G, Clegg. We also wish to ^owWge 
our indebtedness to the publications of the geologist of the Bunn^ 
Oil Co. Ltd, including those by G. W. Lepper, H, M. Sale, e. 
Evans, F. E. Eames and H. R- Tainsh. 


On t April 1937, Burma separated bom the former Ind^ 
Empire, but the production figuns for the oilfields already dacrib^ 
have been given up to the end of 1939, the year which wimes^ 
the outbreak of the Second \Vorld War. It remams to add tl^t 
the total production of sill the Buitnese fields in 1940 was 270,^7 .783 
z^lons of oil, together with 11,369,626 gallons of petrol from 
natural gas. Burma was invaded hy the Japanese armies in 
January 1942 and by the middle of the year the whole co^try 
OTcrrun by them. The wells of all the fields were denied to the 
enemy, the larger ones plugged with cement and scrap iron, the 
smaller ones rendered as useless as possible, the tjosw-stationS 
destroyed and the refineries in the neighbourhood of Rangoon 
severely damaged. Later, the major fields were the s«ne 3 01 
severe fighting and suffered further injuries by bombing arid 
as well as from Japanese attempts to injure the oil^ds 
as much as possible when the fortunm of war turned against ^em. 
After the end of the war in 1945. rehabilitnUon of ^ oil 
industry was begun, but subsequently progress was g^Uy handi¬ 
capped by widespread internal rebellion and unrest whi^ it would 
be out of place to attempt to follow here. Burma became an 
independent State in 1948. and by 1950 was wmible, by meam 
of inl =iiid water transport convoys under armed escort, to supply 
northern Burma with the products of a small refinery i^t operating 
on the oilfields. In the state of security then existing, howevCT, 
the tnain oil pipeline to Rangoon co Jd not be rep^nm and 1 ^ 
this reason the rebuilding of the main refinery at Symm could 
not be completed. Dr Bn Thi of the Burma Geolopcal Depa^ent 
kindly informs us that the production of crude oil in Burma for the 
years 1940, 1950 and 1951 wns 8,671,148, 18,6*5,979 ““ 

30,055,292 gallons. In November 1951, it was aimount^ that 
the British Government had offered to lend the Burmese Govern¬ 
ment n sum of 2,500,000, towards a capital contn button of ^5 
millions which the BurmCK Govemmcni were to inymt itt a joint 
oil venture with the three Bridsh oil companies operaurg m Burma, 
the new company to have a capital of £15 oiuhons. Ncgotmtions 
in connexion with this joint venture to operate the oil-produci^ 
and refining industry ofBarma are reponed to havic been concluded 
with the signing of an agreement in Rangoon on 12 January 195^ 
under whicli, it is stated, the Bimnesc Govemtnent rmnu^iatdy 
acquires a 33 per cent interest in a new concern to w c^lcd the 
Burma Oil Company (1954) Ltd. But at t^ time of wnimg the 
Stale of the country continues to preclude the proapecting opera- 
eions on which the iong-^term future of the industry depends* 
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Oilfields of Assam 

Tlic x^ssam-Arakan geological province to which these Qilfidds 
belong stretches for 8w> miles from the head of the Brahmaputra 
valley aoutb-westwards through part of the highlands of central 
Assam into the Suroia vallcyi thence souchwands to the Bay of 
Bengal near Chittagong and so on to the Arakan coast of IxJwcr 
Burma. ITic Tertiary iwks composing it consist in the main of 
great thicknesses of almost unfossiJiferous,^ monotonous successions 
of impure sandstoni^, shales and clays* On the whole it is a deeply 
dissected region of high relief, heavy rainfall^ almost impenetrable 
Jungle and thick soil cap, which render the work of the geological 
sim^cyor particularly arduous and difHcult. 

The outlines of its stratigraphy and structure ^‘ere due to the 
pioneenng work of F. Mallet, Sir Edwin Pascoe, Sir Henry 
Hayden and other officers of the Geological Survey of India^ but 
the details as they are knoisn today are due to the labours of the 
geologists of the Assam and Eurmah Oil Companies^ and especially 
to the work of Evans and H. M* Sale* 

The rocks thcinsdves range in age from the Eocene to the 
Pliocene and arc separable into six main divisions. At the bottom 
is Mallet's Disang Scries^ a very great thickness, perhaps 5,000 to 
10,000 feet of almost unfouillferoiis shales, slates and phyllltes, 
best exposed in the Naga Hills and Manipur: near th e plains 
occasiGnal occujtcdccs of foraminifera have shown that the Disanj^ 
Series mdudes beds of Eocene aw, but farther into the hills it 
may contain older strata. EquivaJent to part of the Disang Series, 
occiuring on the fringes of the Shillong Plateau and Mikir Hills, 
is the Jaintia Series some 3,000 feet thick, which includes rossillTcrous 
limestones of Ranikat, Ijaki and Khirthar age. Both the Disang 
Series and tl« Jaintia Series arc overlain by the Baxail Series, 
1^,000 feet thick, inadc up of sandstones and shales with, in Uppee 
Assam, a number of coal seams, some of which are thick. This 
^y be partly Upper Eocene, hut is now believed to be largely of 
Oligocene age. 

. A great break follows the Sarail Senes, and from comparison 
with conditions in norlh-westcm India and in Burma it is believed 
to have embraced much of Late Oligocene time, and, in places, part 
of Lower Miocene time. Above this unconformity comes the 
Surma Scries whose 13,000 fret of sandy shales, sandstones and 
mudstones are of Lower Miocene age. The Ttpam Series, 12,000 
fret thick, which follows, includes fairly coarse sandstones in the 
l<^r part and mottled days in the upper part, and is of Middle 
“ 85 ' Above another unconformity comes the Dupi 
Ilia of sandstones and mottled clays, ]o,f»o feet thick, which 

n of Upper Miocene (Pontian) age. FinaUy above the 

uupi Ilia bcnci and separated from it by another unconfoimity 
are the soft sands and pebble beds of Mallet’s Dihing Series which 
in places reaches a thickness of j i ,ooo fret, no doubt corresponding 
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approximately with the Upper SiwaliLs of north-w^tem India and 
the upper part of the Irra-w-addy Series of Burma. The thick- 
nRses given for all these rock groups arc maxima but they vary 
greatly from place ts> placet moreover, die subdivisions of each 
change markedly from one part of Assam to another} so much so 
that separate classifications have been adopted by oil gtologists 
for the moccssions in Upper Assam, the north Cachar the 

Surma valley ajtd Arakan. xAll that we have attempted to do 
here is to present a broad, gerieral oudine of a very heterogeneous 

5y3tem. 

The whole of the Assam-Arakan Tertiary belt has undergone 
strong folding and long} anticlinal axes can sometimes be follow^cd 
for many mileS} the more sharply folded ones being associated with 
thrust faults. In the north-east, the thrusting has almost obliterated 
the anticlines and the gener^ structure displays many nearly 
parallel thm&t faults trending more or less north-east and jionth- 
wesi. The most north-wcsieTly member of the whole series closely 
follows the boundary of the Naga Hills and the plains of the Brahma¬ 
putra riveTj and in places along it* though some antidinaJ crests 
remain intact at the surfece, they have usukOy proved lo have been 
removed at depth by the thrusting. Pnrthcr to the south-west 
and south, in the southern Naga Hills and through the Surma 
valley into the hills of Ghiitagong and Arakan, folding is more 
dominant than faulting and asymmelrical anticlines, separated by 
broader synclines, arc more prevaJentp In the south of Arakan 
the structure again becomes more complex- 

Both oil and gas seepages arc common: in Upper Assam oil 
shows occur In rocks ranging in age from the Disangs to the Tip^ 
Series^ but most frequently in the upper part of the Earail Series 
and the low'cr part of the Tipam Series. Occasionally coal seams 
saturated with oil have been found in the Barail Scries. The gas 
seepages usually occur in pungs^ an Assamese word denoting a 
swampy place in which salt water exudes from ^low. Away 
from Upper Assam and farther to the south-west^ oil shows occur 
in the Barail and Surma Scries, especially near the head of the 
Surma ^-allcy. Still farther south-west, bctviwen the SumuL 
valley and Ak^'ab, there are but few surface oil shows although 
numbers of occmrenccs of natuml gas are known, especially about 
Chittagong. In the islands of Baronga, Ramree and Cheduba, 
both oi I and gas seepages are fairly commoni Submari ne erupt Ions, 
sometimes of a very violent character, which occur from time to 
time off the Arakan coast} indicate the eontinuation of the petro- 
liferoua rocks below the waters of this part of the Bay of Bengal. 

Much activity has been displayed in the search for oil-b^mng 
structures in Assam and in the exploration of suitable ones by the 
driD, but the only areas which nave yielded oil in commcrcLal 
quantities are Digboi, m ihe LaJdiimpnr district of Upper AsaajH} 
and Badaipur} In the Stirma valley^ although small amounts have 
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liccn found in die ^fukum-NamdRiig aiea of Lakhunpiir and at 
M^impur and Falharia in the Surma vailey. 


E^ty Driiiing Jaipur and Alakum. Oil drilLuig coinmcnccd 
in As^arn in i 366 when four ishaliow wella^ under 500 fcet deep^ 
were bored clo^ to an oil seepage in die Ckial Measures (the upper¬ 
most part of the Bai^l Series in Upper AssamJ * 3 or 4 mites south¬ 
east of Jaipur. In 1867, three more shallow bores were made in 
rocks of the same age^ n^ gas and oil seepages close to Makum, 
and smalt quantiilts of 01) were ohLained. Nothing more appears 
to have been attempted until 1884^ when the rights of the first 
lessees passed to the Assam Railways and Trading Companyt ^ 
concern which bored several more holes at Makum between iSSS 
and 1895. These were mostly about 500 feet deep* though one well 
attained a depth of over i^ooo feet and obtained sufGcient oil to 
waiTMt the erection of a small refinery- It is now kno^ti iliai 
the oiJsands at Makum, within the reach of the drilling methods of 
thi3se early days^ all crop out at the surface^ The wdls were short'* 
lived, the prospects of increased output at any attainable depth 
were poor and attention was accordingly direct!^ to Digboh 


DigboL Drilling commenced at Digboi in 18S8, but it was not 
until tSps that production commenced on the field. In 1899 its 
control passed to the Assam Oil Co- Ltd^ and at the beginning of 
the century output was still under one million gallons per amiiim« 
Over the years it slowly increased^ and twenty years later was being 
steadily maintamed at about 5 millioti gallons armually. In igai, 
the Burmah Oil Go. asstimed technical control and in the next 
decade reiMrltable progress was made; by 1931, an. output of 
over 53 million g^ons had been reached* by 1936 this had Increased 
to a^ost 65 miUions; in 1944, over SssJ million gaUons were 
obtjuned* and the annual average production for the five years 
endmg 1950 was 65,531,330 gallons. From 1to 1950 mclusive, 
a total of some i p 55® million giUloiis of oil have been taken from the 
Digboi field. The crude oil is more or less saturated with so'lid 
paraffins of high mcking point and it also contains considerable 
quantities of petrol; distilled in a refinery near the field, among 
m pnoduci^^e motor ^irit, kerosene, jute batching oil, gas oil 
(hi^-speed Diesel oiljp industried Diesel oil^ tea drier oil, furnace 
fuel oil, wax, lubricating oils and bitumen. To conserve the oil 
hmutccs, as little gas as possible is produced, and any gas remaining 
after the fuel requirements of both field ai^d refinery are satisfied 
13 returned underground. As a final product the refinery produeei 
about I*™ tons of petroleum coke per month. Digboi itself is 
in the Uaklumpur district, 16 miles north-cast of Taipur and about 
7 miles north of Marghcrita. 

For^' yean ago, the oil bearing area of the Digboi field was only 
known to cover an area of about J 30 acres, about } of a mile long 
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and I mile broadp and, in ihe words of Sir Edwin Phacoc^ it was 
bcUcvol to lie *' on an anticlinal dome in ail probability asymine- 
trical or ovcrfolded towards die north-nordi-wcatSince tbm^ 
according to E. V. Coz~ps» its limits have bc!cn cnarmomly extended 
aion^ the strike of the fold^ with rcsmnpdon of production after the 
intervention of barren patches of groundj according to the interplay 
between the stmettire and the teatuie of the reservoir beds. It is 
now known to be a faulted anticline^ the thrust underlying the whole 
structure possessing a liigh hade^ so that although an anticlinal 
arch IS apparent at the surface^ at some distance down the thrust 
Huilt culs^ across the axis of the fold, to run almost parallel to the 
beds on the sonthem flank This feature sets delinite hmits to the 
downward extension of the oil pools and to die profitable limits of 
boring across die width of the fold itself. Thus* though a deep 
lest at Digboi in 1331 revealed new oitsands below those dien being 
drained, the thickness of the new group was curtailed by the 
occurrence of the ovcrthnist at an imcxpectcdly shallow depth. 
Meanwhile, in 1930 a deep well in the Hansapung part of the ncid 
proved a large eastward extension of the deeper oil pools; later on 
additional extensions were discovered* specially by exploratory 
wells drilled during the watj when the output of Digboi was 
increased to meet die increased demands for petroleum pn^ucts* 
Subsequendy, further exploratory drilling both to the west and the 
east of the proved part of the deld was disappointing, but betweert 
194S and 1952 several wells drilled still farther east have revealed 
the presence of useful addidons to the reserves of this oilHeld. 

When Sir Edwin Paseqe was writing of Digboi in it was 

naturally supposed that the oil-bearing beds of the Digboi wells and 
the Dilsands cropping out in the centre of the antitmne could be 
correlated with the oil-beaiing Coal Measures (Baraib) of Jaipur 
and Makiun. Later geologic^ investigation has showHj howe^'er, 
that the oikands of Digboi arc in the Tipam Sandstone* which is 
the lower member of the Tipam Series, and that they arc accord¬ 
ingly of approximately Middle Miocene age. 

The oil seepages which occur near Badarpur* in 
ihe Gachar district, led to drilling by the Badarpur Tea Company 
and the registration of the Badarpur Oil Syndicate in 191^. In 
1915 it was announced that the Syndicate h^m made an agreement 
with the Bunnah Oil Co* Ltd* As described by G. VV, Lepper, the 
field occupies a small dome with a steep, faulted, eastern flankp 
about a mile long with a maximum width of a quarter of a mile. 
Output commenced in 1917, reached a maximum of over 6 million 
gallons in 1920, dropped rapidly to half that amountp and gradually 
decreased to 55 j 867 gallons in ] 933, when the field was abandoned 
after giving a total of 58,431,000 ^lons. ITie oil was of a heavy, 
poor quality and accompanied by large quantities of water* In all 
60 wells were drilled, but the decline in yield was rapid and was 
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usually accompanJcd by a gnrat increase in tbc productbn of vvajcr. 
The main output came from sands doivn to if+oo feet; those at 
lowncf levels proved to contain only very small amounts of oil. 
The outcropping Ijeds belong to the lowest division of the Surma 
Series and. the wells were drilled both into its rocks and into those 
of the underlying fiaittils. 


OthtT Artas, hlaiiy efforts have been made to find new oilfields: 
in Upper Assam anticlinal stnicturcs, apparently suitable as far 
as surJ^e indications tvete concerned, have proved on boring in 
one area after another to possess thrust faiJts of high enough hade 
to render them worthless. In the Surma valley, where such 
faulting is not so widespread, no success has yet attended the costly 
prospecting that has b«n carried out. 

Ten miles to the east of Badorpur lies the Masimpur anticline, 
a closed structure of relattvciy large siie with many gas and oil 
seepages. The Burmah Oil Co. drilled its first well here to a depth 
of 1,540 feet in 191S; since then over ninety shallow holes have 
been drilled for structural information, and in addition eight holes 
have been taken to between r,ooo and 4,000 feet, the deepest well 
reaching 7.685 feet in 1951, Further drilling was planned, but 
during the second world war all prospecting work both in Assam 
and elsewhere was discontinued at the request of the Govemment 
of India, in order that the available effort could be conccniiated 
on the known producing fields. Very difficult technical problems 
have been encountered at Mastmpur, and although a few shows 
gave, over a period of several years, a small amount of oil (litde 
more than 50^000 gallons all told) no commercial production has 
yet been proved. The sequence of test wells and bore holes drilled 
for siructuml information has cost about tj crores of rupees and 
yet the anticline cannot be considered as finally proved and found 
wanting. la example is quoted in detail here to illustrate the time 
trouble and expenditure needed in the search for a new oilfield. * 
South of Eadarpur, test wells on the Kanchanpur and Chhata- 
chura anticlines have found no paying production. The Paiharia 
Hilla andcline on the somh’eastcrq edge of a wide alluvial area in 
tlie Surma v.illey is a very pindied fold with almost vertical dips 
on each flank. In the cresial area the fold is asymmetrical with a 
steely dipping and faulted western flank. Three wells have been 
drill^, the deepest reaching 5,411 feet, but the only oil produced 
was less th^ 350,000 gallons obtained at intervais about twenty 
years ago from the first well drilled. This anticline lies on the 
bound^ between A^sam and East Pakistan, and the sites of these 
test wells are in Pakistan. 


(^logical prospecting, accompanied in some case* by 
gwphy^ic.il work, and in many instances Liking advantage of the 
aid oHcred by acnal photography, has covered all the remaining 
more accessible parts of Assam but without revealing promising 
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structures. This geological work has also extended into Tripura^ 
where structural condidons are somewhat less unpromising^ but so 
far it has not been possible to test any of the Tripura anddines by 
the drill. 

In Upper Assam^ renewed attempts to obtain oil frorn the 
Nlakum-Namdang lease have been made from time to time^ but 
after a sequence of faiiureSj during which iS wells were drilled in 
diHerent parts of the structure to depths of from a few hundred 
feet to over 5^000 feet^ it was concluded that commercial produedon 
tvas not obtainable. The few w'dls which gave any lowing of 
oil at all had a Tp-ery rapid decline in yield and the lease was 
relinquished in 195’'^' 

South-west of Digboi^ in the Jaipur audclinep attempts to firid 
oil continued at frequent intervals from igao to hut the wells 

were all complete failures. Farther south-w'cst test wells at 
Bandersulia^ Tim Hills^ Barsilla and Nichuguard^ all in the hills 
on the south-east side of the Assam Valleyp have also proved 
imsuccesaful. The aatidmal structures tested are cut off by thrust 
faulting} and in the comparadvely small thickness of beds above 
the fault (whether Tipam Scales, Surma Series or BaraiJs), no 
productive sands liave been found. 

Early in 1953, the Assam Oil Company struck an oU-bearing 
formation at Nahorkatiya^ tS milca west of Digboi. The 
geophysical survey of the aneap inierrupted by the second ^vorld 
waTp was resumed In 1951 and the test drilling started in May 1953^ 
This Nahorkatlya No* the deepest yet drilled in India, 
began a daily production of aOjOOo gallons of crude oil from a depth 
of 11,715 feet in March 1954* second well had then reached a 
depth of o%'cr 7 jOOO fect and a site had been selected for a third 
well. The oil will be piped to the refinery at Digboi through an 
ei^t-inch line laid alongside the toad connecting Nahorkatiya 
with the older field. 


Prospects for Petroleum jh Other Parts op Ikoia 

Practically the whole of Peniniular India and the ^cater part 
of the Himalay'as can be ruled out in any search for od- Variom 
partie^ including those of the Geological Survey of tndia, have 
investigated the possibilities m Kutch and Saurashu^ and have 
concluded that they are not promising. There are indications of 
oil and gas in the foot-hills of Jammu, Kashmir;^ extending on the 
one hand to the small fields of the Punjab and on the other to link 
up with the Tertiary foot-hills of the East Punjab, north-wcstcm 
Uttar Pradesh and Nepal* Gas seepages are known to occur ia 
the K*Tngra district of the Punjab and in Nepal, where age-long 
pilgrimages have been made to the sacred fires for which they are 
responsible. Sufficient is known of the gcolo^ of the Himalayan 
foot-hiUi generally, however, to show that their structure b almost 
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iiJisuilabk for ther accumulation of pctfolemn. At the 
sanLC tlmC;, only Largc^flcalc geological surveys can show whether 
or not there may Ix; some few area^i where conditions are less 
unfavourahle and which may accordingly be thought worth the 
final test of the drills 

A few gas seep^es have been reported from the eastern coastal 
tracts of ihe Peninsula^ in areas where rock exposures art not 
plentifulji and it is probable that the gas Ls marsh gas originating 
m the alluvium and having no connexion whatsoever with petro- 
Jtum (see Natural Giu]. ^ the thickness of marine sediments 
m the areas concerned Ls bcheved to be only small and as there is 
no evidence ofwcU-marJccd folding, the prospects have not appeared! 
student to petroleum geologists to warrant either detailed geolo* 
gi<^ impping or geophysical surveys. In the western coastal 
strip, the limitation of marine scdimciita to a very small area also 
render? them imattractive. 

Much nf the large alluvial area of the Brahmaputra and Ganga 
has been surveyed by geophysical means; gravity surveys have 
been i™d for covering large tracts, and sdsmic jnm'eys have been 
earned out in certain selected smaller areas; in West Bengal a 
magiietometrk survey was made during 1951-3. Taken as a 
whole, the results of the geophysical work on the alluvial areas is 
reported to have been citrcmcly disappointing. 


CoTOmoNS m East Paiusta^^ 

A few oil and gas shows have been recorded from the south- 
eastern of East P^htan (the Sylhet and Chittagong districts 
^d the ^ittagong thll Tracts) but so far no oiifcM has been 
foimd. TJe umucc^fid drilling at Patharia, on the boundary 

m Assam, has already been refcinsd 

to. Jvear Outtagong a well^lmown gas show occun on the SJtakund 
toudme, but driW there about forty yean ago failed to find oU 
and later structufr drilling has revealed the ODmpIe:(iti«s of the 
overthrustog on the ^tem flanlc of this anticline, A test wdl 
on the neighboi™ Piitiya anticline was begun in <052. Farther 

graidty nirvey, have b«n carried out 
™ SyJJiet, a large part of the alluvial area of the Stmaa 
^ley and the Ganga^Brahmapmra delta has been covered 

=*» by s™«,y „ 

P’^epmiion of Aese short accounts of the oilfields of 
East I^ist^ and A^. the authors have had the great 
adv^tage of the help and friendly CTiticlnn of Mr P Evans ^ief 
of tbo Oil Co. Li Tboy il; ^ 

G,»logi..ori°e aSS 

of v5;!^‘ o^’ ^ the fouling authontauve account of the oilfields 
ot Wen Pakistan which « reproduced here in his own words. 
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OrL-BEARiNa op West Pakistan 

by 

E. S, Pinfold, M.A., F.G.S, 

Oil and buuxnm havr bccfi known and used in West Pakistan 
from the bc^nmngs of civilisation i bitumen, probably from 
Baluchistan, wa^ used as mortar in some of the buildings of Harappa 
and Nfobrajodaro. The frr^t attempt to dc\^clop oil production 
was made in 187^ w'^hen an American oil expert was invited by the 
Govemtnent of that time to report on oil prospects and to recoin- 
mend a testing programme. There was a renewal of the search in 
[89^ and a little oil was obtained from shallow w^ells drilled near 
Jaba in the wes^tem Salt Kang^ and at Ghharat to the south of the 
Kala Chitta Hills ^ small amounts of this oil were utilized in rbr; 
gas-works of Ra-walpmdi for many years- 

The oil occurs in a narrow bell of Tertiary rocks in the outer 
foot-hilb of the HlmaJayarij Baluchistan and Sind mountain ranges 
and the belt continues along the Makran cciaat into Iran* Oil 
seepages are numerous in the Raw*a!pindi, Auock, Jhelum and 
Shahpur districts to the <^t of the Indus, and in the Kohat, Dera 
tsmail K^haRj IDera Ghazr JOiaii and Sibi districts across the oveT* 
No oil seepages are known m Lower Sind^ but natural gas is evolved 
at several pl^cs: in La? Beb State and In the Makian^ the flows 
of mud associated with some of the gas shows form mud volcanoes, 
and those at Ohandragup at the mouth of the Mingol River are 
amongst the largest known. 

Nlost of the region in which the oil shows occur was mapped 
by At B. Wynne of the GeoSogicaJ Survey of India about the middle 
ot the last century, and some of the anticlinal structures on which 
oilfields have since been fbund are clearly indicated on his maps. 

With lew excepdons, the oil and gas shows of West Pakistan 
occur in rocks of hliddle or Lower Eocene age smd these rocks are 
mostly marine sediments with some iniercaiations nf bHslaid down 
in fre^ or brackish water conditions. The rock-salt deposits of the 
Kohat s^t region are of Middle Eocene age and are closely asso¬ 
ciated with the oil seepages of that district* It is possible that the 
^temation of marine and brackish water condiltons was responsible 
in part for the formation of the oil from the remains of marine 
organisuis. 

Th<r« Eocene beds are overlain with pronounced unconformity 
by a aena of freshwater sandstones and ihales, several thousands of 
feet in thickness, of Miocene, Pliocene and Pteisiocene age, known 
as the Murree-Si walik System. This formation is highly fossiliferaus 
and has yielded a condnuotis record of tcrr^trial vertebrate life 
over these periods. 

Finely, during the uplift of the Himalayan and associated 
mountain ranges, the region was subjected to compresaion and 
earth movement resulting in fold structures^ some of which have 
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servied as areas oF acctcdtulalion and reservoirs for oil^ but the more 
favourable and open folds occur only in the outer foot-hills zont* 
Although seepages are numerous further idto the hills^. the folding 
there is nsiial];y too inieose and the folds themselves too compressed 
or broken to hold useful oilhclds — aei^^eral test wells have b«rt 
drilled near ^pagK in the closely folded foot-hiUs without 
successful remits^ 

The four oiihelds so far discovered arts near the centre of the 
Potwar Plateau which lies between ihe Kala Chitta and Khaire 
Murat hiJl ranges on the north and the Salt Range on the south- 
StmcturaJly the Potwar ia a Large synclinal basin occupied by a 
great thickness of Siwalik rocks. The principal axis of the basin 
ODinddes nearly with the valley of the river and is knowai as 

the Scan syndine. The synclinal structure is ixitcLrrupted on both 
fianks b>- strike faults and anticlinal foltfa, and it is on some of these 
anticlines that productive oilficdds ham been develop^^ In the 
order of their discovery these fields are Khaur, Dhulian. Joya Mair 
and Salkassar^ 

The Khaur and Dhiiiian dome structures are arranged tn 
Jch^lon along the first anticlmal fold north of the main syndic 
and paraUd with it. The Joya Mair and Balfcassar folds are 
interrupticins to the south Hank of the Scan Basin about twenty* 
five miles south of Khaur and Dhulian. 


Khaiff. The Khaur oilfield was discovered in 1915+' It occupies 
the summit of a long narrow anticline, the crest maximum of %vhicb 
lies 4.1 miles south-w-eat of Raw^pmdS. Murrcc rocks form an 
ellipse in the axis of the fold and are surrounded by ridges of Lower 
Siwalik sandstones. The crest of the fold is optm, but dips steepen 
rapidly to 35® on the south flEmk and to 60® and 70“ on the north. 
A strike fault runs paralJd and dose to the crest; this, like all oth«- 
import^! faults of the region^ is an ovmhruat, the north flank of 
the anticline overriding towards the crtst. 

The Khaur field diflera from the others in that most of the oil 
produced from it has been from the freshwater sands of the Murree 
Series; production has been found in all the sands from the surface 
doi™ to the Eocene limestones at over 5,000 feet. The oil is 
belincd to ha\e had its origin in these limestones and to have 
reached the overlying sandstones by migration. It has been suggeyt- 
that migradon took jjtace along fault planei, but no dene rehubn 
between fruilHng and oil occuiTcnce has been recognized On the 
other hand, there is no doubt but that the oil is contained in the 
fishes of the sandstones, and fissuring of both sandstone and shale 
beds may have played a tnajormlein the upward migration of theoy. 

Owing to the 1914-18 war. the pipeline to Rawalpindi and the 
refinery erected there were not completed until igsa, and it 
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only then that the productive capacity of the field could be tested* 
Results Were somewhat diBappoindjig, for the production of a large 
nunibcr of shallow wclk (ell off very rapidly due to the dmiiiagc of 
the fissiiTC system in each sand. The highly saline water which 
later ^companied the oil was under moderate to high presstirej 
and oil and water flowed at the surface during the early life of the 
field. New sai^ds w^ere tapped as drilling w^as carried to greater 
depths and each neiv sand eaixsed a revival of production, thoughL 
usually followed by a rapid decline* 

JDnllmg 10 the Eocene limcsiones at over 5^000 feet proved 
extremely difficult and hazardous owing to the CKCcssivcIy high 
pressures (over 6^000 pounds per square inch) in the lower for¬ 
mations and the consequent heaving of the shale beds above the 
jjjnesionrt. Some production has been obtained from the Eocene 
but not in the amounci hoped for, and it seems clear that much of 
the oil originally In the limestones has been lost by migration to tiic 
ovTrlying Murree rocks. 

r j failure to obtain fresh production* the output 

of die field has now declined to a few barrcLs daily from a number of 
stnppCT wells. Its total production from the commcnKmcnt of 
wnrk in 1^15 to date (October 195^) has been a little over 160 
million gallons. 

Recently another well has been drilled to the limestones, but 
Its success^l completion has been prevented by pressure troubles 
and heaving formations. A well formerly carried down some 
distance into the limestones struck heavy flows of brine containing 
much sulphuretted hydrogen. 


Dhulian. Xhe Ohulian field is on a more open dome structure 
ele^'en miles south^isouth-wcai of Khaur. It forms part of the 
general uplift, with its axis paraUd to the Khaur axis though 
ahgaed two miles to Ae south of it. Its gcnllcr folding Is reflected 
m the w^dc crestal ellipse of low dtppiirg rocka; the outer flank dips 
being about 35° on the south and 30® on the north. There is a 
low west^Iy pitch as the fold merges into the Soan syneline. 

- - ^ much higher stratigraphic level and 

IS m ^wer Siw^akk rocks wfuch causes the Eocene to Uc approx^ 
imatcly a.oro feet deeper than at Khaur. All the light crude oil 
IS contained m the Eocene limestones at depths of from 7,6-50 to 
wer 3^000 fccL The hlurtec rocks a short distance alxn'e the 
t^ene 1^^ ^ s^ll production of a heavy crude known as 

black od winch ^ thought to be seepage oil of Mmree times. 
1 he absence of light crude from the Murrcc rocks, in contrast 
\nth the condition at Khaur, may be due to reduced fissurins in 
the more opeu fold. A itrtie fault runs near the crest al the s^acc 
but had« Qorthss-ards so that if it cuts the litucitones, this must be 
north of the prt^uctive area. Another fault has been observed 
in the limestones in one well on the south-eastern edge of the field. 


tO& THE UlNEftAL rU£t,» 

It Yi'AS mogniscti from the outset that the OhuhAii atrticttire 
was a possible oiJfidd, and testing b<^ shortly after the Khaur 
field reached its full development. The early drilling was done by 
cable tools and the first four wells had to be abandoned one after 
the other because of high-pressure water flows from the Siwalik 
and Murree sands. The fifth well was drilled by the rotar)- system 
and reached the Eocene in 1935. A good show of oil was obtained, 
but this well proved to be at the eastern edge of the field and 
production was therefore short-lived. In 1937, No. 7 well, known 
as the Goranation Well, came in as a large producer ofhigh-grade 
oil. 

Tile field was linked by pipeline with Khaur and RawalpindL 
^d p^uction from Dhulian prcAcd a valuable supplement to the 
declining production at Khaur. The field was operated at a high 
rate during the war years, and this may have hastened the appear- 
^cc of salt water with the oil and caused a sharp decline of output 
from 194a onwards. The total production of Dhulian (rom this 
level to date (petobw 195a) has been over 213 million gallons. 

t f™ow*mg small shows of oil at lower horizons in other 
fiel^, a weU was carried down to tot for deeper oil. A new 
productive zemt was found in the Lower Eocene (Ranikot) limc- 
itonc. This, like the upper horizon originally, is under very high 
lescivoir p^ure. Another weU has obtained similar results and 
othm are being taken m hand to deepen and so to test the size 
Of the new oil poo!^ 


Drilling difficuhics at Dhulian have been much less than at 
Khaur, ^ugh Npe of very hot water under considerable 
pre^ure have to be dnlW through and cemented off behind casing. 
« were d^cilled by the Attock Oil Company 

northern foot-hills east 
of ^e Indus; at Choriakki m the north-eastern comer of the Kohat 
district t and at Babai and Dalwatti on the Marwat Range on the 
B^u district. Other unsuccessful tests were 
Jil cd by the Buimah Oil C^pany at Mcyal, fificen miles north- 
wot ofDhuliim and at pabakki on the Salt Range; another 
fiu lire was dnl^ by ihe Whitehall Corporation at jLda, thirty 
miles south of Dbuhan. The Attock Oil Company ^ dJiUed a 
iwt at Jhatla with negati%'t: result!. 

Notwiilumnding these disappoinimcnts, prospecting was 
renewed with esren greater activity during the later years of the 
if' a'"'’ itnicture, this time by 

of wells was earned to 

Zdrl CrJ A Ti 'itr'- Another failure 
Imdjo be recorded at Uchhri, thirty miles fiirthei to the north-west, 

2 aK^doned at over 9,0™ f«t. Two structures in 

tlic »uth p^ of the Potwar were tested and these tots uroved 

Sl'Ss^ndf' oilfiel^ of Joya Mair and BaLssar, 

35 miJQ southH^a^t of the Khaur and DhulLan fields. 
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Jiyw Afajr. The Joya Mair structure was described as suitable 
for the retention of an oil pool by Dr D. N. Wadia, in the Records 
of the Geological Survey of India for 1959. He pointed out that, 
although the crot of the fold is tightly compressed at die surface, 
the flani dips are low and the fold might be exptscied to be more 
open at depth. All this received striking eonfirmation when the 
first well, put down in 1945, eneounteted oil at 6,900 feet in Eocene 
limestones dipping at only moderate angles. On a short test the 
well flowed at the rate of several thousand barrels daily (one bamd 
is equal to 40 Imperial gallons). The oil, however, is quite diffcicnt 
m character from that of tlie Khaur and Dhulian fields, in that it 
is a very heavy {S«G.”0black crude containing nearly 70 per 
cent asphalt. It is unique in that the middle fractions, the lubri¬ 
cating^ oils, are absent. Although quite fiuid under reservoir 
conditiaus of high pressure and high temperature, the oil when 
exposed at the surface loses its dissolved gas and lighter fractions 
and becomes solid asphalt in the course of a few days. 

Two welb have been drilled to the oil aone atid are now in 
production.* A third well drilled further down the souihcm flank 
of the structure failed to get oil in the Eocene and was ri..^ p.. nrd to 
test lower formations. It penetrated Garbonireroua and rLainhT ^^ it 
rocks and ende^ owing to mechanical difficulties, at fl,eao ferst in 
the Saline Scries of the Salt Range sequence. An unsuccmsfiil 
deep test was drilled by the Burmah Oil Company on the noithem 
fliinJc of ihc Jo>^ Ntajf itnitliire^ 

The Joya Mair oil u trajiiportcd to the Rawalpindi refinery 
in tank fitted with special heating airangicnienti. It rs 

refined in a je:paratc plantj the main product bein^ bitum en. 

Balkasjar. The Baikassar strucluric h situated ten miles west 
of Joya Mair^ these two folds having much the same relations (o 
each other the Rhaur and Ohulian jolds. The surface crest 
at Baikas^Y ^ higher horizon than that at Joya Male, though 
the steep dips in tiie higher part of the Joya Majr cross-iection add 
to the dc^th to be drilledi there and so lessen the dffi^ences iti 
depth ^vhich is'ouJd othcn/k'ise have occuTTed+ The stnicturc at 
Balkassar is very ope^ the dip in the limestones being only to 
A belt of comparatively steep dips lies along the north-westEm 
^ structure^^ Due to die nonherly thickening of the 
Miirrce-Siwafik fomutiions, the crest maxlmuiii at depth lies about 
tivo milw to the south of its position at the surface* 

The first well drilled by the Attock Oil Company in 1946 
reached the Eocene limestones at 8,135 shows of oil were 

obl^ned in the Bhadrar beds, dolomites, timestonm and shales, 
which lie above the main Nummulitie limcstonej known as the 
Sakesar Limestone. The well was deepened and found Sowing 

* FtedkiEidEiii in 1945 ^,831,9^ falloiu. 
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production m this Sakesar Liroc^ton^* and it is from it that moat 
of the 140 million gnllon£ of oil obuiincd to date have been won. 
In 1951 ^ a wdl drilled some distance north of the earlier wells 
got good production from the Bhadrax beds thcmselveSi 

The Burmah Oil Comply obtained production hom a well 
drilled south of the Atlocb OH Company’s Icase^ and the field is at 
present being worked as a tmit by the two companies. A pecu¬ 
liarity about the BalkasEar field is that, whereas in the three older 
fields the oil occurs in the highest part of the stmccurCj at Balkassar 
the productive area is asymmetrically disposed^ good ivelb being 
obtained on the northern Bank of the fold^ whilst wells further south 
have so Jar proved disappointing. 

Prospecting work continues actively, though now by new 
subsidiary companies formed in accordance with the Rules and 
Regulations of the Mines Department of the Government of 
Palustan^ The Pakistan Oilfields^ Limited was formed to lake 
over the prospecting rights of the Attock Oil Company. This 
company is at present {1953) drilling a deep teat at Bains^ 
thirty miles sonth-south-east of Rawalpindi, as well as a number 
of shallow structure tests at Karsalj fdur miles north of the 
Balkassar fields and at Dhariala in the centre of the Salt Range 
Plateau. 

Pakistan Petroleum Limited was formed to lake over the 
Butmah Oil Company’s licensed aieas and is drilling a deep test at 
Oiak Naurang* ten miles east of the Joya Mair field, in addition to 
further wells in the southern part of Balkassar. Deep testing is 
also m progress in the Bugtl Hills of Baluchistan. 

In the course of this work a large field of natural gas has been 
discovered at Sui, 60 miles north-north-east of Suktur. The struc- 
lurc is an opim dome In Siwalik racksj the gas ocoBiring in the 
underlying Eocene. Although the extent of the field is yet un¬ 
known, gas has been proved in two wells five miles apart and 
it is bdlc^^cd that the deposit will be capable of supplying West 
Pakistanis fuel requirements for many years* (See NAt'cmAL 
Gas.} 

The deepest well y^ct drihed in Pakistan was at Lakhra in 
Lower Sind, and this test had to be abandoned at t£2,6^ feet when 
hot salt water was cncountcTcd under extremely high presEurc and 
could not be controlled. Other test w^elb drilled earlier in or near 
Sind were at Khairpur, Drigh Road near Karachi and, in 1916^ 
at Chandragup in Las Bela* 

It is natural that the search for oil becomes increasingly difficult 
as more and more of the apparently favourable areas are tested- 
Every scientific aid is being used in the task, including air photo- 
^phv and all branches of ^physical proapecLing, The search 
for oil demands not only scientific and technical skill, but also 
large capital resources. The amount expended in oil prapccting 


in Pakistan to datt: amounts to many crorira of rupees, but still the 
search goes on^ 


Prospects for the Futum cn Pakistan 

The general audook for petroleum prospecting in Wet Pakistan 
has been ably summarised by Dr D. N. Wadia, who outlines the 
region concerned as the broad zone of Eoccne-Miocene sediments 
which Stretches from Lower Sind to the north-eastern Punjab, 
passing through Baiuchistan and the Norlh-Wrat Frontier Provmoe 
and thence* after crossing the Indus between Kaiabagh and Kohat, 
continues along the foot-hills of Jammu to Kangra, Surface 
indications of both oil and gas are known at many places in it, 
some Idealities have been tested, others have been examined, many 
but supcrfcially* others in greater detail^ but great tracts of the 
region still aw-aii methodical investigation by petroleum geologists: 
indeed, the most widely spread expanse of Lower Tertiary rocks 
ranging from the Makran to Karachi and thence northwfards to 
Kohat, in which the sinuous, foid^* surface exposures have a width 
of from loo to 350 miles, remaim fpr the most part unexplored 
from this point of view. Shallow welb drilled at Kh at tan, in the 
Marri Teiritory, between 1884 and 1896, yielded 837,^25 gallons 
of crude oil, but from that time onwardi until the recent teat in the 
Bugii Hills> mentioned by Mr Pinfold, no drilling has been carried 
out in eastern BaJuch[stai]i. 

In the Kohat salubearing region, according to Dr E. R. Gee* 
* the rock salt at several places contains traces of oil and it Is not 
improbable that it forms a cap-rock overlying in places petroMferous 
limestones and shales of Lower Eocene age \ The Tertiary strata 
of the Potwnr, from the Kaln Chitta ranges in the north to the 
northern slof^ of the Salt Range in the south, represent a broaden¬ 
ing out and simplifrcatian of the compressed and complex structures 
of Kohat« Wfiiing of the Soan Basin as a whole. Dr Wodia has 
given hts opinion that ^ more drilling and extensive search for 
strucCUTCS, with the aid of geophysical means can be confidently 
expected to produce a few commercially productive Helds in this 
part of the north-west Punjab L 

The Eocene and higher Tertiary rocks of the Dcra Ghazi Khan 
district in the south-^weat of the Punjab are in direct continuation 
with those of the Bi^ area of eastern Baluchistan* and suitable 
Struc tures, if found cither in the foot-hills or beneath the alluvium 
of this region, should aJTord favourable conditions for the accumul^* 
ation of oil pools. Further north, in die Shcrani counciy of the 
North-West Frontier FVovinoe, the oil seepages of the Takht-i- 
Sutaiman RangCj near Moghal Kot* have been known for more 
than [ to years^ 

From the North-West Frontier district of Hazara, the Tertiary 
rocks contidue along the foot*hills of the Himalayas to the 
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S^diya Frontier Tract of Assam, except for a small! break near 
Darjeebn^ The geological history of this zone and the atmctural 
deformations it has undergone duriiig the course of that history, 
combine together to make the chances of the occunrcnce of profitable 
petroliferous deposits ^viihin it extremely problcmalicaL 

It remains to mention that Lower Tertiary rocks arc beliei'cd 
to underlie the recent deposits which stretch eastwards from the 
foot-htlls of Sind, Baluchistan and the southern Punjab up to and 
beyond the Indus, but the location of stnictures under the thick 
alluvial bloj^et demands gcophpical prospecting of a highly 
specialized kind. The abandonment of the lest in such an area, at 
Lakhra, in the Dadu district of Lohw Sind, ta^ miles from Karachi, 
after it had reached a depth of ia,666 feet in January 1950, has 
already been referred to by Mr Pinfold. 

The Sfi^ch for new oilfelds in Pakistan will continue but it can 
only ^ scientifically prosecuted by ocganiiations, os Mr Pinfold 
has already stated, having at their command not only skilled 
geological advisers and experienced tedmicians but abo large 
capital Mourccs. 


The Traoe in Pbtrolevm ant> ns PftonucTE 

The production of petroleum in the former Indian Empins 
mcrc^ from an aomiaJ average of about 56 milUou gallons, worth 
1(^ than a quarter of a million pounds sterling, at the bcgiiuung 
ol the century, to one of336.145426 gallons, valued at 
over the pn^vnt period 1934-8. To this amount Bu^ oontri- 
buiM 77-g, Assam 19-6 and the Punjab 2-5 per cent The 
highest output was reached in 1938, with a pmduetimi of 
350,905,636 gallons, or roughly 1,381,000 tons, hut as the world’s 
to^ oumut of crude oil t^t year was some 267 million tons. 
It IS ™dent from a global i»int of view that the contribution of 
the Bu™«c and Indian fields is insignificant; indeed, for many 
yc^ ^ combined ouipnt has consistently represented much 
Iwlow i ^ cent of the world s total. Yet to the regions concerned, 
these oilfields arc of great importauccn ^ 

The sep^tion of Burma from India took place on j AortI 
( 937 , and this event together with the oveminiimg of the coimiry 
by the Japam« amucs m 1942, the separation of Pakistan from 

wn'JlJi 'I '’f the second 

wDrid war have had far-reaching conseqiienca for the oil business 

'936, that b 

for the hat prc-i^r peni^ dunng which the Indian Empire mdsted 
s^le unit, India, which at diat time included both Bumvi and 
P^i^, consumed an annual average of 468,325.000 iralloM of 

^trol, 10 per cent and lubricating and batching oili 7 pS cent 
Ov„ hJl of A. .™,uot (55 po, S'/, 'X 
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reGncrw from home-produced crude ollj the remainder^ consisting 
for the most paj-t oflcerosene (30 per cent) and fuel oil (60 per cent}^ 
being imported £rom abroad^ The kerosene came from Russia^ 
67-5 per cent; Sumatra^ 11-7 per cent; Iran, 10*7 per cent and 
Rumania^ 5*2 per cent* with smaller quantities from Borneo, 
Java^ the United States of America and elsewhere. Of the fuel 
oil 74-7 per cent was brought from Iran, si -^4 per cent from Borneo 
and the rest from other countries. Thus, for the 192^ millkn 
gallons of kerosene which undivided India rec^uired in addition to 
her ovvtt manufactures^ she depended mamly on the Soviet 
RepubllcSj Sumatra and Iran^ while direenjuarters of the Imports of 
fud oil, amounting to more than 375 million gallons^ were derived 
from Iran. 

Turning now to the three post-war years 1948 to 1950^ although 
exact frgurea are not obtainable at the time of wridngj the average 
annual consumption of oil products for India aione^ that la to say 
without either FakLsian or Burma, was approximatHy 7:18 million 
gallons, an increase of more than 56 per cent over the consumption 
of the whole of the former Indian Empire In 1934-6. The rate of 
increase was a rapidly progressive one between 1948 and 1950, and 
if the consumption for 1950 alone is taken—B50 million gallons—the 
increase over the earlier period of 1934'^ be«>mcs over 81 per cent. 
There iSj howeva^, one most noteworthy dlflercnce to be observed: 
whereas in the pre-war period India supplied 55 per cent of her 
own oil requirements, this proportion dropped to under 10 per cent 
and was hut 7 per cent in 1949, partly owing to her loss of the 
oilfrclds of Burma and Pakistan and partly to the big increase in 
consumption. 

Imported oil products averaged some 6S5 million gallons per 
annum during 1948-50^ qf which (uel oil accounted for 42*5 per 
cent, kerosene 27 per cent, pehol 23*5 per Cent and lubricating 
and batching oils 7 per cent* Great changes have also to be noteu 
in the sources of these foreign oils: of the kerosene supplies in 1948 
and 1949, 6S'5 per cent came from Iran and 20 per cent from 
Bahrein island in the Persian Gulf, while the same two TCgions 
contributed no less than 90 per cent of the petrol and 83 per cent 
of the imports of fuel oil. The lubricatLog and batching oib were 
bought as to 66 per cent of the total from the United States of 
America, followed by Inm with 24 per cent and the United 
Kingdom with 8^5 per cent. 

Even before the separation of Burma and Pakistan oil exports 
of Indian origin had become £nsignihcan% but the exports of 
parafiin wax were a most important article of commerce, averaging 
48,014 tons, valued at Rs 2|Ot,oo,8&6| over the three years 1934-8. 
Indian w^ of this kind had a very wide distrihution to mast of the 
countries of the Commonwealth* to many pai^ of Europe, to both 
North and South America and to various Ariatio lands. Like the 
crude oils from most of the Burmese fields, the oils of the Digboi 
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uilfidd in Assam cunlain a hi^ proportioi] of para^in wax whicli 
still continues to be exported firom this source of supply, the average 
quantity sent abroad from Indian ports for the two years 1^46 
and 1949 being 13,538 tons, valued at Rs 1,39,56,486; but about 
half of the Asam wax is exponed through CUttagong in East 
Pakistan, the tatid average exports from Ass^ for the two years in 
question being about 35,000 tons. 

The rmportation of nit products into Ind ia is increasing rapidly, 
their total cost rising from Rs 29 cron» in 1948 to Rs 51 ctores in 
'949 54 crores in 1950, ^ No further argument is needed to 

strengthen the case for an intensified campaign of oil prospecting, 
particularly in Assam, to locate new stFucnires as well as to inves* 
ligate again some of the Icnown ones, in the hope that new locations 
may yield production on anticlines already tested with negative 
results^ India's dependenoe on imported fuels could be reduced 
to some extent by the manuJactiue of petrol from suitable egais of 
Bihar and elsewhere, a subject which is now under consideration. 

As a result of discussions which took place in November and 
December 1951 betVh'eeii the Government of India and the Buimah- 
Shell group of companies and the Standard Vacuum Oil Company, 
agreement was reached on schemes under which two modem oil 
refecTics WT>uId be erected near Bombay for the refining of imported 
Middle East crude oil. These refineries would be owned and 
operated by Indian companies and fiiianced partly with Indian 
capital; the capacity of the Bunnah'ShcIl group refinery would be 
3 million tons and that of the Standard Vacuum refinery tt million 
tons per annum. The Burmah'ShcU scheme, it is stated, should 
^ad to the investment in the oiUrefiiiing industry in India ofabout 
Rs 20 CTO(rR (one crore of rupees being equal to about £750,000) 
of sterling capital. The share of the Burmah Oil Co. Ltd in the 
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provuion of this rapital is cstimatccl at some fy wlliou. Another 
agreement folbwtng the general pattern of those of 1951 vraa signed 
in Nevf Delhi on aS hlarch 1953. It provides for the establishment 
by the American Caliex Oil Company of a refinery at 
Visak^patnam, Andhra, and involves an estimated expenditure of 
15 miliioa dollars. Desirable though these developments are, the 
grratCT part of the crude oil retjuirements of the new refineries will 
stiiJ have to t>c imported Irom unless uiiti] ncwsourccs 

of supply are discovered in ludia, and it is to that imperaUve end 
ihat all a^^ilabk attention should bo directed. 
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OIL SHALES 

Oil sholra are shals or clays which on distLlladon yield pctro* 
Keuxzt of vanous grades, ^ usually ranging \ according to one 
authority, ^ &odi asphalt or paraJ^ through heavy lubricating and 
fuel oils to the Lighter illttminadng oils, Lintsenc^ and to petrol 
and the petrol ethen ^ The ahales thtioselvcs contain no free 
oil hut abound in vcgeEable remains^ spores^ grains of wax and 
Fesutp * The oil-producing cona-titiieniSi are yellow bodies of 
microfiCDpic dlmettsions which have been identified as pollen grains, 
algae and spores/ Many of these are of a secondary nature 
formed by the redcposiilon of rcsinaus and ceLlnlosic materials 
The richer varieties of oil ahale can be ignited with a match and 
bum fredy, indeedp the use of oil shale for fuel by ICarcn villagers 
of dw Burma'-Thailand (rontler first directed attentiDn to the rich 
deposits of that region. 

On* SEtAi^a OF Lower Burma 

AmhtrU District The oil shales of the Kawkareik township, in 
the Amherst district of the Tenaaaeriin division of Lower Burma, 
lie to the east of the Dawna rai^ and close to the TTiai firontier, 
indeed, two of the three basins in which they occur actually crass 
the border into Thailand. The deposits were described by 
Professor J* W. Gregory in 1933 and by G. de P. Cotter in 1924. 
Two of the areas are bisected £y the Thaungyui river anil, lying 
to the south and north of the Grontier town of Myaw'addy^ are 
known os the Phalu and Mesauk-Methalaun-Mclamnt basins 
respectively^,^ though it is possible that they join atiA fonn a conti¬ 
nuous area across the Ironticr. The third is tn fhr! valley of the 
M^pale stream and derives its name fiom the village of Hdchara. 

The basins themselves arc hollows in the older rocks which 
have been filled in by freshwater deposits of late Tertiary age, for 
the shales ihemseLves contain the rezmins of fish and freshwater 
shells, together with the leaves of plants and fems* They fall into 
two divisions, a lower one of sands and boidder beds and an upper 
One of shales with oil shales. In the Htidmra basin, which is 
about 14 miles long and 9 milci broad^ several quite rich seams of 
Oil shale of varying thicknes have been proved by boring to exist 
o^ a considerable area and down to a depth of 300 fccu The 
Mark Band seam is 6 to 7 feet thick and Is stated to yield 15 to 20 
per cent of crude oil, Five more seams containing smaller percen* 
tages of oil have been located above it. Samples of Hiichara oil 
shale tested in the laboratories of the Geological Survey of India 
yielded between 9 ■ 78 and 16-20 gallons of crude oil per ton* The 
Utter contained water, 13 per cent; light naphtha, 4 per eentj 
heavy naphtha, 3 per cent; kerosene 23 per cent; lubricating oil* 
40 per cent; residue, 17 per cent. ^ In the Hdchara field writes 
CottcT;, * there appean to be a good supply of shale nfa rich or fair 
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a^vemgcr qiialilyp so much io fact that i\ would be possible to obtaUi 
large quantities by open-caatliig/ Mining would be Ciirly simple; 
the strata dip gently, they appear to be feirly regular, the barren 
shales would form a good roof and Hoot, while the oil shales them^ 
selves would give soKd^ hard pillars. Originally bored by M. E. 
MooLa and Sons Lid^ the Htiebara dcpositi were aflctwards leased 
to the Mepalc (Bnmia} Oil Co, Ltd, and although an otperimental 
rctori was obtained for tot distil! adons in 1532, largc^cale cxploit- 
adoii had not commenced before the onset of the second world war* 

Other Oil Skale Deposits 

Oil shaJea have also been found in the Tertiary deposits which 
occupy the valley of the Thcinltun stream, a branch of the Little 
Tenasserim river^ in the Metgiii district of Lower Burma, while 
other low-grade material is known to occur near Bonkun^ in the 
Lenya valley of Mergui, and in that of the Great Tenasserim valley 
of the adjoining Tavoy district 

Low-grade oil shales have been noted by Cotter in association 
with the Salt Marl of the Punjab Salt Range, but they are not 
believed to possess any economic importance. 


NATURAL GAS 

Dissolved in the petroleum occurring in the poies of sands and 
limestones there is dways some natural gas, ooniisdng chiefly of 
methane, CH*, with smaller amounts of other hydrocarbons; 
m many fields natural gas also forms a * gua cap Mn the highest 
parts of the oibbeariiig horizon. In the earliest days of the oil 
mdiuiry the importance of conserving this gas was not appreciated, 
but for many years past it has been rtatis^ed that the presaiire under 
which oil and gas exist in an underground sand, together with the 
™oum of gas actually dissolv^ in the oil itself, aie poimt factiifa 
in the recovery of the oil, for it is in part the propulsive power of 
the gas, when the sand is tapped by the drill, which forces the oil 
to the weU and helps to raise it there. Modem oilfield practice* 
therefore, permits as litde of the gas to escape as possible* and ajma 
at keeping die gas/od ratio of the crude oil produced as low as 
circuTOtaticea permil. Gases escaping naluraliy, or pumped from 
oilaands, are alro laturated with the vapow of highly TOlatil*. 
liquid hydrocarbons in luspension which form a valuable source 
or gasoline when recover^ in suitable plant By 1931, over two 
milhon galbw of naimaJ gasoline were being extracted annu^ 
from rases htmted on the Venangyaung oilfield of Burma alone, 
and by 1939 installabons on this and other fields in Burma were 
reccing such Uqmd hydrocarbons at the rate of over 1 1 i million 

Mntents. 

aas used for fuel purposes and produced the electricaTpower which 
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supplied the major oilfidds with their energy. Any remaining 
surplus gas was returned to the underground reservoirm whence it 
came, to perform more useful work in repreasuring the depleted 
sands and in bringing another load of gasoline to the surface- 

The gas of the Djgboi oitfidd in Ass^ is used both for fud and 
for rcpTcssuring the oilsandsi As E. V* Corps has recorded, great 
attention is paid there to the gas/oU ratio, the producing conditions 
being varied to reduce the gas/oil ratio to the minimum attainable ; 
wells wiiich give high gas/oil ratios are closed m and not produced 
from until it is found that the oil can be taken at an acceptable 
gas/oil ratio. In the case of the Punjab, the Bdkassar oil Is asso¬ 
ciated with ^-ery IttUc gas. 

Besides the gas found in msoclation with oil and coming from 
the same sands, there arc other sands in various frdds which contain 

alone and it is usually methane in a dry condition. The natural 
gas resources of Burma were fully described in a memoir of the 
Geological Survey of India, by Dr T. Barber, published in <935. 
Two casc3 only can be mentioned here to indicate how great thw 
resourcca are. On the Indaw ollheld alone there was available 
at that time a quantity of 12 miLUon cubic feet daily and it could 
doubdess have been increased if necessary. Several wells on the 
Indaw field had already been abandon^ on account of high gas 
prcssuTe+ Well No- 1 had been delivering gas steadily for 15 years 
with a very slight decline in yield and presaun: and seemed likely to 
do so for years to come. At the other end of Buima^ in the 
Thayeemyo district^ searching for oil a well liberated gas at a 
depth of it,525 feet, in quantities estimated at 39 miUion cubic 
feet in 24 hours* After escaping for eight inonthsj the flow 
brought under control with only a slight diminucion of 
pressure^ The gas liberated in this case represented the thermal 
equivalent of an oil well producing 5|000 barrels per day 
and ic is now used to supply a cement works with its fuel. 
(See Cemest)* 

A natural gas field of great extent has been recently prov^ed in 
the southern part of the Bugti Tribal Area of Baluchistan some 60 
miles north-north-'east of Sukkur, a town on the Indus in Sind. 
The large open dome of Tertiary rodks in which it occurs was 
delineated many years ago on maps published by the Geolo^cal 
Survey of India but unti l 1952 it laid untested, when a well drilled 
in search of oil by die Pal^tan Petroleum Company lapped its 
gas reservoirs, A second well five miles distant from the fi^i one 
confirmed that these are of vast extents 

The Sui Gas Transmission Company has been incorporated in 
Pakistan to lay a pipeline, 350 miles m length, between the fidd 
and Karachi, at an esiimatcd cost of £g million. By March 1954 
much of the equity capital had already been provided by investors 
in Pakistan, the Commonwealth Development Fmance Corpo¬ 
ration, the Pakistan IndtiStrial Development Corporation and the 
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Biumah Oil Company, The magnjtude of thh concern h 4 
measure of the belief of ita sponsors In the capaoity and probable 
length of Li fe of the field itsdf. 

There are many possibilities in the chemical udlbadon of 
methane and its associated hydroearbons as a stardng''poiiit in the 
synthesis of a host of organic chermicaLSj i ncluding dyesttifi^^ solvents 
and anaesthetiesF In some countries the natural gases are piped 
for great distanc^ to industrial centres for heatings domestic and 
TOwer purposes; in the United States of America they have been 
found to carry small amounts of helium^ a lights non-iriflantniable 
which is extracted on a commercial scale and used for filling 
airships and other purposes. 

- Jndia natural gas has been tapped at Jagatia and Gogha 
in Saui^htm and at Baroda^ It is believed to he derived from 
Upper Tertiary strata which rest on an undcfrlying platform of 
'v'hich thicken towards the Gulf of Cambay- 
Dr P, K. Ghosh states that the Gogha gas sand lies at a depth of 
Bia feet below the surfeccand is 35 feet thick. A sample of the 
Gogha nat^l gas^ analysed by H. E, Watson, contained 0"B per 
Cent of heliuBip Further exploratory drilling is essential before 
^ drawn as to the eirtent of this occunmee. 

■ ,. smaller quantiiies is sofnetknes met with in 

smiting lubc-wells for w^ater in alluvial diilrictSj and such occur- 
mca ha^ bem reported from Saharmul, In the M>"men3ingh 
^trict of East Beng^, and from Thetkala, in the Pegu district of 
In these and siuiilar instances, the marsh gas was 
probably formed by the decomposition of vegetable debris in the 
ocm deltaic deposits. Three or four other occurrences have 
ret^tJy come to the notice of the Geological Survey of India G^m 
dei^c aJluvi^ deposits in the East Godax-ari and Krishna districts 
01 An^a and the Tanjore district of Madras. Samples of the gas 
m Tappa^, in the firet-named, and from Neypactur* iri the 
^^-named district, contained 70 ■ 4 and 69^ i per cent of saturated 
ydrocarbonsand i ' oand 0*5 per cent of unsaturated hydrocarbons^ 
rapcctl^^y, It is important to ot^erve that though gas supplies 
from such source ^y scryc as fuel on a small scale for heating or 
or gas engines, is delusive to regard them as- certain Indications 
OJ the presence of underground supplied of petrolc 
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CHAPTER II 

the precious metals 


GOLD 

PuNV, in A.D. 77 i referred to the country of the Nurcae, 
identified with the Nain of Malabar, as contai^ nany mna J 
gold and silver, and there can be doubt that ^Id 
Kdia dates from prehistoric times. Owing to the absence of refff- 
ences in the mcdie^'al Mohammedan records, 
authorities believe that the greatest actimty U»k place before 
A.D looo The cxjcurrencc of alluvial gold in the southed por¬ 
tion of the Malabar district 

170^1 onwards, and in 1831 Nicholson dacovered the re^^ ™ 
nJSeroiis old workings in the south-east Wyn^, the highland 
which lie between the Nilgiri pbteau 

Malabar proper. The region was prtMpwtcd from alwu^875 

onwards but, ^though ocoaaional discoveries of very rich 

SU made. iheresX on the whole wc«v^ poor, lo 

this no fewer than 33 compame vnm t4? io^ 

iSBi wiUi an capital of m'er £4*000,000- The 

girting operatioiu ceased m 1893. Investi^ttom by 

Hayden and Dr F. H. Hatch, in 1899, of the veins 

and Pandalur gave average gold contents of under a dwi to the 

^'’"a TC-exammation of the veins in the same 
ever, by Dr H. Crookshank of the Gcologi^ Surv^ 

1039^0, led him to believe that though small stih ment fi^w 

atSon. The failure of the earlier vcnttifes is, m his (pinion, 

to be attributed entirely to low-grade ore, 

ment, metallurgical troubles, the low pne® of gold, i _ 

ing labour, and the difficulties usu^y 

Sorts in an isolated, n^ious region, 

coUausc of gold miping in the WyiLaath Dtiriog the i 

com^y kSwn as NOamhur Mines Ltd commenced 
prir&y with the object of exploiting the au^ero^ ^,3;^ 1 
^ns as a source of tidphur, but theimportation of J™™ 

the United States in 1944 frustrated the plM left the 
with the problem of proving the naerves of a low-grade, refractory, 

®”'A^‘S;S'don of the Alpha and ^ 

company was made by D. Kerr-Cro«, Mining Engineer to the 

1133 
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Gwlo^cal Sun^ of India, in 1951, which showed rhat the ore on 
9 of the Alpha minie averages less than 2 per oent sulphur 
and 2 dwt of gold per ton. There are however^ some payable 
KctiQ^, totally a^ut 13,000 tons, averagiiig a.91 per cent sulphur 

Mds. 05 dwt of gold per ton. which might be worked atasmall profit, 
^e l»ttom level (No. ti), where almost 1,000 feet of driving had 
been done, was not caaxnhied due to ground collapse near the adit 
cutranM. In the Harewood mine, the Icxie is of limited extent 
along bo^ strike and dip. There is one payable length of about 
100 feet but this is not expected to persist far below the bottom 
No, 5 Iwd. 

The gold of sputhem India and of Chota Nagpur 13 d-crived from 
vi^ w^ch traverse the rocb of the Dhaiwar System, con- 
*** chlorite and mica schists, argillites 

and phylhics, quartzites and quartt schists, boulder beds and wbbly 
wth cpidlorites and other intrusive masses 
They are found in long, isolated, 
^ parallel bands and outlying patches in the gneisses, 
g^tes and riiaincickitcs forming the main mass of the Achaean 
complci. Ihe vcm quartz occurs in two forms, cither as a dark 
Oiue or deep grey, semi-tramluccnt variety, bearing marks of the 
rnt^str^ to w^h it has been subjected, and usuaUy associated 
wita tJic hornblende schists, or an opaque, milky white kind often 

f *4®“' perhaps connected with the 

later a» commoa in the system and of 

^^eues may be auriferous, the former kind 

» commoner 

however, u not an invariable nJe; white 
have been found among the hornblende schists of the south 

to be“S:i^KiS^' ^ goldfield, now 

“ conn^on between 

the auTjfttous twins and the hornblende schists, while others rejrafd 
SSSiS the hyt^thetmai stage of the Cham^Sn 

»hiiwni emanating from the 

S'■” r 

ah™- , f I iJr Maiiras, and lies on a plateau 

to it after seeinir ^hallnw directed attention 

shallow mining m eluvial deposits from which 

fi^entary qu^tz yew extracted, crushed, and d^gold covered 
by washing and amalgamation. In carli^ timm ^ kr^ 

r dradT^T^ quarts readSng 

i-vS. .sLs u..,ry date frSrS'j^rs 

veue Obtain^ the first concession and commenced a shaft on 
w^t u now the Ooregum Company's block.™!™ i St md 
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and it was cnly a fiiia] effort oa the part of the Mysore Company 
whi(Ji in that year disclosed Hch ore m the pillars of an ancient 
mine. From that time the history of the Jiddi nnder the capable 
technical direction of Messrs John Taylor & Sons, has been one of 
practically uninterrupted success. The narrow belt of Dharwar 
schists on which the goldheld lies can be followed for about 50 milea 
from north to souths but the productive portion is conHned to a 
length of about 4^ miles, on which are situated horn north to south 
the BaJaghat^ Nundydroog^ Ooregum, Champion Reef and Mysore 
mines, though the Nundydroog Company acquired the property of 
the BaJaghat concern in 1933. Froiri the commcncenient of 
operations until the end of \tarch 1951 the total quantity of gold 
won amounted to 21^842,909 oz., valued at Rs [69^61 crorcs^ while 
dividends paid to the end of March 1931 totalled Rs 37^82 crorea. 
The royalties and taxes {including Gold Duty) paid by aJl the min es 
to the Government of Mysore to 31 starch 1951 amounted to 
Rs a^^Si crores. 

There arc in all about thirty vema on the Kolar Held, averaging 
3 to 4 feet in widths though markedly lenticular^ swelling and con¬ 
tracting at irregular intervals in both strike and dip. With few 
exceptions they are parallci to the foliation of the swists and are 
in fact the fillM-iii fissures which have opened along their lines of 
greatest weakness. They strike approxinjatcly north and south 
and In moat cases dip westwards at to 30% steepemng to almost 
vertical at great depths. Practically the whole of the gold* how- 
cver» has come from one vein of this more or less parallel series and 
it is known as the Champion Reef. Its quarts is bluish-grey^ clean 
and glassy* made up of large* irregularly loiJced grains with innu¬ 
merable ininute vesicles distribuM throughout it* and its gold 
content is generally invisible to the naked eye. In places the vein 
bulges into large quartz bodies and in othen splits into smaller 
veinlcts- Charaetcrisdo of it are sharp folds* pitching at about 
45* to the north* with thickened masses of quartz developed at the 
top and bottom of the folds and forming valuable aourcca of ore. 
The gold values are distributed In well-defined shoots^ increase in 
^ fineness * with depth and, according to Prior* are of later dale 
than the quartz i^lf and than the large north-nor^-wrat, south- 
south-ea^t faults which cross the field. Tonmialmc is a \ncry 
common accessory mineral; chloritoid Is frequently seen; galena* 
arsenopyritc* pyrrhotite, pyrite* chalcopyritc* ilmenite* magnetite 
and scheellte have aU been found with the gold. In the Oriental 
Lode there is no galena, its place being taken by amaU amounts of 
zinc blende and telluiides. Frequently associated with the quartz 
veins arc thin, half-inch bands of paJe green pyroxene in im^ularly 
shaped crystals^ often intergrown with calcite and partly altered 
to actinolite. In cases where the veina split into thin velnlcts* these 
pyroxene bands increase until they form the chief constituent of 
the vein. The average grade of ore treated in the Kolar field 
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dtuing the 15 mDaths ending 31 March 1951 contained 6*6a dwt 
of gold per ton. 

The deepest point reached m the Champion Reef mine was 
9,233 feet in December 1351, Development ia carried out by 
means of levels at vertical distances of jtao to t 50 feet, and the totaJ 
footage of the underground workings to date exceeds 600 miles. 
The gold content of the quarts is remarkably persistent with deptb| 
and ^though individual ore shoots may come to an endj new ones 
are foimd to take their places. At the jjrd level it found that 
the Mysore North fault had entered the Champion Reef property 
from the adjoining Mysore mlnCj with the result that the ore shoot 
of the Main Reef on its southern edge was cut out between the 331^ 
and 58th levels. The orcbody gradually diminished along its 
strike and was ultunately lost in a major pegmatite zone. But 
below this again, two more ore shoots were found on either side 
of the &ulL The northern one* termed the Central Ore Shoot, 
commenced from the 61st level, whereas the southern one, term^ 
the Glen Ore Shoot, was discovered on ihe 68th horizon; its 
northern edge follows roughly ihe southern fringe of the fhult, 
and its southern portiou has isolated shoots of ore w'bich are dis¬ 
playing a tendency to merge with the main orcbody. The Glen 
Ore Shoot is indeed a unique fsccurrence of great magnitude 
covering an area of over 56 acres. Fluctuations of gold distribu-- 
don in the lode channel are marked but the average foe the 
main orcbody is approximately 14-9 dwt over a stoping width 
of 66 inches. Up to June 1950, it had been suecesafully developed 
for a depth of 2^500 feet, with Increasing lengths of economic 
values along m strBje, the maximtim being 1,300 feet at the 
76th horizon. 

The Oqrcgum mine, with a venical depth of 9,876 feet in June 
*95 Sj at that tune the deepest miae m"lhe world. Its main 
oreb^y Laid near the southern boundary of the property and 
continued beyond it mto the adjoining Champion Reef mine- 
The se(|uence of deep mining operations necessary to extract it 
so restricted output that the Ooregmn Mining Co. Ltd had to 
cease working about the middle; of 1953, when its rights were 
transferred to the Champion Reef Gold Mines of India (KGF) 
Ltd, who arc at present mining in the area. At these great depths 
rock hursts have become a serious hazard, compelling the use of 
paclced crib sets and heavy masonry walls in the stopes to resist 
the ground pressures. Rock tcmpa^Uires of the order of 140^F* 
at 9,000 feet have necessitated the tntroduedon of air-conditionij^ 
plant at all the mines of the held. In the Nundydroog mine a 
strong pyritic vein was intersected in 1949 about 2,000 feet to the 
w®t of the Main Reef on the 48th Icvd. It hM been mined in 
thep^t from the surface to a depth of 700 or 800 feet, where the 
workings had been abandoned. It is up to 25 fcet in width with 
a steep varying westerly dip and an average gi^ of 5 to 6 dwt 
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of gold per ton. It since been developed down to the 6snd 
lc\'el, or more than 5,000 feet vertically below the snrlace. 

Kolar gold-bearing quartz is not refiractory and yields ita 
valuable eqntents to a simple combumtion of blanket eoncentration, 
amalgamation and eyaniding. Recovery averngta ovi:r gS per 
cent and the bars produced centain approsumatcly 935 f^ts of 
fine gold and 70 parts per 1,000 of silver. Refining is carried out 
in the Bombay mint and the products—gold with 995 parts per 
1,000 and fine silver—arc sold in India. 

As and from 6 May 1949, the control of the nunlng companies 
was transferred from London to Mysore, under the management 
of John Taylor Sl Sons (India) Lidp and for the first time in their 
history, the companies held their annual general meetings in Mysore 
in 1949. The peak of production, oz. of gold, was attained 

m 1905 1 it fell Mow ha lf a million ounces m 1919 and has declined 
more or liss continuousiy since then. The ^ph on page iflBp 
although it includes the all-India gold production^ of which Kolar 
forma the only significant part, illustrates this fall. For the five 
years ending 1938^ die annual average was 326, z 38 oz. ^ for the 
next fivfrycarly period ending 1943, 280,400 oz* and for the quin¬ 
quennium 1944 to 1948,167,931 era. In 1949 and 1950 the aver^ 
was 175,356 01., h iding 97 per cent of the tolS production of Indian 
gold, valued at Rs 5^45943,140. These records need no explana¬ 
tion t they tell their own story of the gradual approach of an in¬ 
evitable end of the abscracdoa of gold from those veins on the Kolar 
field which have been worked for so many years^* At ^ same 
time, that end is not yet i given a sympathetic admimstradon, frw- 
dom from acute labour troubles and the maintenance of the high 
standard of mining technique for which the field has long been 
renowned, it can be safely assumed that Kokr will continue to be 
an important producer for some years to come. 

Kolar itself is one of the model miniiig towns of the world wi th 
a population of 134^000. The mines os a whole find employment 
for 189 Europeans and 23,700 Indian, of whom 14,870 work under¬ 
ground. The ore reserves of the individual mines on 31 March 
1951 arc given bdow: 


ORE RESERVES OF THE KOLAR GOLDFIELD ON it MARCH 1951 





Frobiib^ Rcscms 

StimE 

Tens 

1 

aTI^iw^ade Ore 



dwt per con 

Tom 

My»re 

^81^300 

14 '35 


Ghvnpjoi] Red* 
Ooregum 

527409 

i55kO^ 

ii'47 

! ^5 

Gfiw38+ 

sk 

Nuad^ndroQg »» 

322,570 

ID'OO 











Tt 40 USAND 

OUNCES 


























































GOLD 


12^ 

Hiindit:ds of old gold workings have been found scattered over 
the surface of the Dkarwar rooks in Mysore, but it is said that in 
the majority of ijistancia they do not bidicatc the cxistenee of 
valuable dept^its beneath thcni. Equally disappointing has been 
the investigation of the numerous quartz vciud which traverse the 
schists and crop out at the surface. Smecth and Iyengar summed 
the matter up in the following statement: * We may take it as an 
almost universal rule that Dutcropping v.'cini are valueless.^ After 
pointing Out that It U possible that some zones of low^-grade ore 
may be found of sufficient extent and under conditions ffivourable 
enough for ch<rap treatment to permit of their being work^^ these 
writers conclude by saying ; * We cannot shut our eyes to the fact 
that the hopes based on the succeaa of the KoLar mines and on the 
existence of numerous old workings have dwindled very seriously 
with the progress of survey work and deep prospecting/ It would 
be premature to assume^ however^ that this statement represeats 
the last word on the subject. It now sonm certam that the Kolar 
veins are closely associated in genetic relationship with the final 
phases of the Champion granite or gncissic intrusions^ but to what 
extent this mother roclq. its pegmatites and quarta veins, exist outside 
Mysore^ the Bellary district (formerly of Madras) and the Dharwar 
district of Bombay b quite unknown. In both likcse districts there 
arc quartz veius probably identical in age and character with those 
of Kolar^ and a little gold has already been found in the northern 
pan of the Chitaldrug belt. In the Gadag area of the Dharwar 
district, blue, diapbanou$ quarta veins, siiuilar to those of the Kolar 
field occur, but, on the authority of Sir Edwin Piscoe, a former 
Director of the Geological Survey of India, it b quite unknown to what 
extent they are gold-bearing as they have been very little prospected. 

Numerous old gold mines are scattered about in various 
of the Raichur Doab and the Surapur taluk of the Gulbarga dis¬ 
trict of Hyderabad- On an irregular of Dharwar rocks which 

stretches through Maski, from the vicinity of the Tungabhadm 
river to the Krishna, they reach the unusual depth of 640 feet below 
the surface, bearing witness to the skill of an ancient race of miners 
about whom both history and tradition are si;tci]t+ Near the old 
workings groups of mortars of large and small sizes are to be found 
in which the gold-bearing ore was crushedp * They are to be seen 
in abundance at Topuldodi,^ writes Captain L- Muim, at one time 
Mining Engineer to the Gwerniucnt of Hyderabad, and he con¬ 
tinues: * At Wondalli there are large sauccr-like hollows, made in 
the trappoid rock,^ in which the ore was pounded by means of 
granite crushers of great size- These crushers must have been 
brought ftom a great distance, and from their enormous sizes it is 
evident that they were not worked by hand, but by means of some 
sort of Dramework which afforded leverage/ 

The modem search for gold in Hyderabad dates back to t88fi, 
when the Hyderabad (Deccan) Cop conducted prmpecting operations 
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over a period of twelve yeara^ iSSy to iSgg. More than three 
hundred old workings were discovered in parts of Hutti, WondaUi, 
Maski, Topuldodi, and Budhmi in die Raichur Doab» as well as 
in ihc Manglur field in the Surapur taluk of Gulbarga. Most of 
these arc stated tq have received some attention, but it is important 
to note that only a few of them w^ere bottom^. Realizing that 
diffused operations of this sort were a heavy drain on its resources, 
the Hyderabad (Deccan) Go. fonned stiiisidiary coacems to under* 
take development work. These were:— { i} The Wondalli (Deccan) 
Gold Mining Co. Ltd whicji began work at Wondalli about 1855, 
hut Ceased in igoo. Its most productive year was 1899, when 
18^970 tons of quartz were crushed for a rctum of 7,832 oz. of gold» 
The yield of gold from Hyderabad from 189B to 1900,^ amouncing 
to jCMtSIOj ahncBt exclusively the produce of this mine. (2) 
The Hutti (Nizams) Gold Nlmcs Ltd started crushing with 10' 
heads of stamps (later lacreased to 30 heads) in 1903 and ceased 
in igiio, after the mine had reached a depth of 3,500 feci and gold 
worth ;CiiOtO,757 had been extracted. (3) The TopuJdodi Gold 
Mines Lid commenced mining in the vicinity of Topuldodi and 
Chmchcrki m 1905 and ceased operations in 190S. Its only re¬ 
corded production was worth £^,319 in 190S. 

Another company, the Deccan Gold Fields Development Go. 
Ltd, was formed in 1905 with the object of examining all the old 
workings left untouched by earlier prospecting operations. It is 
to have paid particular attention to the Manglur fidd, but 
its aclivltics came to an end with the outbreak of the first world 
war in 1914. With the exception of reidsiou surveys by the Hydera¬ 
bad Geological Department which resulted in the discovery of a 
n^ area near HunkunI, in the Deodiug taluk, where a long Unc 
of old workidgs was partially opened up, nothing further was done 
until the Hyderabad Government financed a programme ofdetailcti 
^oroecting in the hlanglur, Hutti and Maski areas, conducted 
by John Taylor & Sons, who commenced their expl loiadons in 
1937. In the Hutti arts! it was found that more or less continuous 
ancient workings exist on various veins over a total length of 11 ooo 
f«t of which only 3,100 feet had been explored undcr^ound by 
the Hutti Gompany. In addition to the Main Mine* 

the old Village Reef and Oakley^s mines were tmwaiered, deve- 
oped and resampled so that by 194^? when work was temporari ly 
suspended owing to the war, ore reserves totalling 229,536 tons, 
weraging 4^&a dwt of gold per ton, had been proveX The 
-Hyderabad Gold Mines Go. Ltd was formed in 1948 with an 
authorized capital of Rs 1 crore and a pilot pknt commenced 
cnjshmg m September of that year. It was repLac^ by the main 
mill m November 1949, to which a cyanidation plant was added 
in August J 950 for the recovery of gold from the tailii^. The 
preset imll has a capacity of 150 tons a day but it is proposed to 
oublc this in the near future in order to increase production and 
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reduce vrorking €OSt$> From [948 to 1951 inclusive 20,336 fine 0£. 
of goldj valu^ at 1^70,98,290 had been recovered. The ore 
rescn-'csat the end of September 1951 were estimated to be 138,502 
tons of an average value of 5*32 dwt and excluding some 80,000 
tons of prospective ore of an average grade of 5 ■ 34 dwt of gold 
per ion. It is noteworthy that besides the single vein previousty 
known in the Village Mine, at least two new ones containing gold 
in profitable quantities have been found. 

Sonoe geologists believe that an extension of the Kolar field 
may possibly be found in that part of the Chittoor dhirict of 
Andhra which lies to the south-east of Kolar; in any case it has 
been ptm^ed diat the autoclastic conglomerates of the Kolar field 
occur again near bisanattam where, in addition, a tongue of Cham¬ 
pion granite-gneiss projects into hornblende schists of Dharwar 
age. Between 1894. and 1902 quartz veins in this vicinity vrere 
opened up to a depth of over 750 feet by the Mysore Reefs Kan- 
gundt Gold Mining Cop Ltd, and approximately lo^ooo tons of 
Ore were crushed and amalgamated with a recoveryp it is said, of 
about 6,000 02, of gold. Sacral further ventures liave been made 
here during the past 30 years, the Latest being by the South Kolar 
Gold Mines Ltd of Bombay, who between 1945 and 1940 partially 
reconditioned the old shaft, dewatered the mine to the 320-foot 
level and sampled the exposed vehu This is said to be in horn¬ 
blende schist, to average 22 inches in width, to strike north-north- 
west and south-south-east, to dip westerly and to carry an average 
value of 5 *19 dwt of gold. Some mining was done between July 
1949 and June 1950, when operations ceased through lack of capital 
after recovery of a smaJL amount of gold+ Small amounts 
of schcelite (calcium tungstate, CaWOJ and of cassiteritCj the 
oxide of tin, SnOj, have been detected in the old dumps at 
Kangundi, The auriferous quartz veins, according to S. Krisbnap 
twamy, branch off and peter out Into detached stringen. and 
veins as traced southwards. The gold content is genet^y very 
low, seldom exceeding 2 dwt per ton. 

Of the many old workings in Mysore, only the Bdlara mine in 
Tuinkur district was being develop^ by the Government of the 
State, under a ten-year scheme to remove all the gold-bearing 
quartz obtainable before the locality is submerged by the Lakka- 
^li reservoir, and till 1953-4, 5.i447 emdc sponge gold, 

valued at Rs 5 t53j407i h^ been obtained before its closure. 

In 1874, R. Bruce Foote found an auriferous quartz vein near 
Dambal, Dharwnr district, Bombay, on the great belt of Dharwar 
rocks, known as the DambaJ-Chiknaya kanhall L band, which 
stretches from the soutbem part of Bombay State into southern 
Mysore. The area contains abundant ancieut workings and was 
prospected between 1902 and 1904 by the Dharwar Reels Gold 
Mining Co. Ltd, who started crushing in 1907, ihcir ore coming 
from a mine n^r Kabligatti^ In that year 4,916 oz. of gold were 
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obtained and in 1908 the output Increased 10 7,242 ox.; but it then 
began to decline^ and the mine, Logether with ethers that were 
under devdopment in the neighbourhood^ was elosed in 1911, 
The Kabiigatti vein system has been followed southwards for S 
miles into Sanglii and a paralld series occurs near Hosur, about 
miles to the west. These were also under det^elopment in 1906 
toth by the Dharwar Reefs Company and by other concerns, but 
none of them ever reached the producing stage. Auriferous quam 
veins are very numerous in this region^ but they are individually 
of no great extent or thickness^ belonging to two separate series^ 
an older of bluc^ diaphanous quartz, associated with the meta¬ 
morphosed igneous rocks, and a )wngeT of ferruginous, white 
quartz veins, associated at KabUgatti with carbonaceous phyl!ites» 
they hnally dispel the older idea that the gold ti confined e^Eclusively 
to blue quartz veins of the Kolar type. The andent workings, 
which in places reached a depth of 300 feet, are restricted to two 
veins of white quartz, though actually both varieties may be gold* 
bearings It should be stressed that although the veins of Kolar 
and some of the other goldfields are genetic associates of the 
Champion granite-gneiss, gold has also been found in veins of 
later periods, some of them perhaps post^Archaean. The total 
recorded production of the Dharwar field was w^orth 80,209. 

A belt of Dharwar schists stretching north and south through 
the Anantapur district of Andhra, known as the Penukonda belt, 
contains several large quartz veins asswiated with chloride and 
htMmblcfidic schists. The occuirenoc of old workings near Ramgiri 
led m 1905 to the formation of the Anantapur Gold Field Ltd, and 
tn 1908 to that of the North Anantapur and Jibutil Gold Mines 
Companies, with mines of the same names. At the former a depth 
of 1,150 feet was reached by 1924, when operations ceased ^tcr 
yielding gold to the value orjf7B2,oa3p 

The Chota Nagpur division of Bihar la traversed from east to 
wot by a series of argillites, phyUitts, talc and mica schists of 
Dharwar age which enclose quartz ^^Lns of both types mentioned 
earlier* but here the gold is found, as a rule, in the opaque white 
and younger vcim. Many altered basic intnisivra related to 
cpidiorites occur in the gold-bearing areas, ^th veins and old 
workings are very numerous* and si^l quandtlcs of alluvial gold 
occur in moat of the streams, where its extraction on a small scale 
by the tribesfolk of Smghbhum is sdll carried on. Following the 
discovery of rich ground In the Sonapet valley irs i 80 S, in iSgo a 
gold boom* centred on this region^ occurred in Calcutta, and thirty- 
two companies* with a total capital of nearly £1,000,000, were 
formed, but by the end of 1892 only two of them remained in 
existence. Later investigations by J. M. Maclarcn proved that 
the ^vek arc too low in gold to be worked profitably. Various 
localities arc known in which auriferous veins occur* hut in dua case 
again, assay results have been uniformly poor, though favourable 
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territory for further prospocdi^ is bcHeved to exist. The da« 
tribution of the gold-bearing wins of SiDghbhum suggests^ accord^ 
ing to J. A* Dunn^ a rdatiomhip with the late basic intrusive phase 
of the DaLma vulcanic roiib- The discovery of old workings near 
Kundrukocha, in Dhaibhum^ close to the Mayurbhanj border^ on 
a series of veins of blue-ip^e)' quartz in Dharwajian ^yllitcs^ led 
to the formation of the Dbaibhum Gold &: hlincrais ficHpccting 
Co. Ltdj which recovered 6*034 ^-7 valued at 3^26,S|J9, between 
the years 1915 and tgao. AH but ^50 oz. of this total came from 
one pocket at Porojarna. According to Sir Lewis Fermor* tlw 
richer veins average only about 4 dwt to the ton^ though the Foro- 
jortia shoot averaged about 20 dwt- The Kundrukocha mines 
have been leased to E, O. Mxiiray and one of them is again being 
worked intermittently. 

Certain auriferous quarts vdiM which Occur in quorlrites^ 
phyliites and quartz schists and are traceable for about three* 
quarters of a mile at Lawa in Manbhum, biave been investigated 
recently by the Lawa Gold Mines Ltd. The gold content is said to 
average 7 dw^t per ton and to be associated with copper ores and 
telluridcs. Further occurrences of gold-bear big quartz veins are 
known at Ichagarj Bumdlh and Maysara, in the neighbourhood 
of Law'a. At the last-named locality, where rich ore pockets arc 
sometimes found, according to D. K. Chandra, a Company entitled 
Maysara Dev'dopment Ltd was engaged in prospecting work. 

Dr_J. A. Gunn believed that no gold dcposiis have as yet been 
found in southern Chota Nagpur which offer scope for the actividca 
of mining companies with large oapitah addbig, however, that there 
arc opportunities for individual prospectors and even for small 
ayrtdicates. New vciits may still be discovered, particularly in the 
schist zone underlying the lavas of the Iron Ore So-ics* and pros¬ 
pecting should be concentrated on the soH::allcd blue quartz vems. 

The gold oocurrenccs of the Mingin Hills in Upper Eunna, 
though of no commercial valtic, as fu: as is known at present, arc 
of bicerest in that tltcy furnish an eaanqile of the €K:cijjtenjCe of the 
metal entirely different horn that found hi the Dharwarian rocks 
of the Indian peninsula. The hUb which lie between the Mu and 
Meza streams^ both tributaries of the Irrawaddy, are, according 
to F. Nofetllng, formed of eruptive volcanic rocks. Five localities 
are known on the eastern where veins containing auriferous 

E yrit« occur, and three others where the mineral has been mined 
y the Burmese from volcanic ash. One of the veins was mined 
near Kyaukpazat between [898 and 1903, when the pay shoot was 
lost and the cnierprise abandoned. This vein averaged 3J feet 
in width, 240 feet in length and was foUow^ed down to a depth of 
420 f«t. it was occasionally dean but more often we31 minerdized, 
carrying 5 per cent of chalcopyritc, pyiite, galena, frankilnite and 
small amounts of altaite, the tdluride of lead. The country rocks 
were tufl& and breccias of andesi tic facies and Tertiary age, intruded 
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in places by c^uartz fUorites. The total production from ihc 
Kyaukpazat tmne was probably ^orth between 9^000 and 
^ 50 , 000 . 

Alluvial gold is found in the sands of many rivers In Indiat 
Pakistan and Burma, in fact, aa La Touche points qutp there is 
hardly a province of ihe former In d ia n Empbc in which its recovery 
from fiver sands is not, or has not becn^ practised by the inhabitants^ 
though the quantity which appears in the oOidal returns from such 
sources Is inslgnifEcant and the statistics are known to be Lncomplete- 
In the case of rivers draining the Itido^^^angetic pkin, induding 
the valley of the Brahmaputra in Assam^ the metal b derived not 
only from rocks which were its original homcj but for the most 
part from others into which it was introduced along with the trans¬ 
ported material of which they are composed. The regular recovery 
of a few ounces used to be reported annually from the Suighbhum 
district of Bihar; from the Katha and Upper Ch hid win districts 
of Burma ; from Kashmirj where washing is carried on along the 
Indus valley in Gilgjt and Baltistan; from the Punjab^ where it b 
practised m the Attock, Ambalaandjheluni districts^ and from the 
Garhwal and BLjnor districts of Uttar Pradesh, The alluvial miner 
m th^ and other regions is^ as often as not, a culdvator who adds 
to his meagre income by indulging in the speculative pastime of 
goM-washing wben the crops do not demand hts hnniediate atten¬ 
tion. The small quantities of the precious metal so obtained in 
most eajsea probably find their way direct to the local goldsmith to 
be turned into jewellery, and in so doing short-edreuit the path to 
the revenue collector's office* 

Dr J- M, Madaren, who made a searching investigation of the 
whole matter, concluded that in few countrio is alluvial gold more 
widely distributed than it is in India, which in this case includes 
both Pakistan and Burma, and in few countries does it show lefi 
tendency to aggregation under the influence of ninnhig water. He 
pointed out that wherever streams drain areas of anciesnt schistose 
rocks and possess the proper gradients for the deposition of gravd, 
they carry small amounts of gotdi Such conditions apply in many 
parts of Mysore, Madraa, Eombayp Hyderabad, Madhya Bharat 
and Chota Nagpur, and to these we may add Upper Burma^ 
TenasscTun and the^han States, GhitraJ^ pans of the upper Indus 
valley and certain tributaries of the Brahmaputra in Upper Assam; 
^ but in no case,* wrote Maclaren, * so far as is yet known, are the 
gravels suflicjenlly rich to wamuit European examination, though 
they may in many cases afford a few weeks' employment during 
the cold weather to the local washer, who is content to work for 
a return of 11 to 2 pence per day*. A'laclaren^s own mvestigations 
in the richest streams of Chota Nagpur proved that the alluvial 
grwnd contained on the average about 1 to grains of gold per 
cubic yard, and that the six inches or so of the bottom graveb which 
under nonnai cmeumstances would naturally be the richest, yielded 
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fwt more thajY 3 graiiis per eubie yard. MacLaren's work was done 
in 1^03, and in the intervening years nothing ha^ been discovered 
to lead to any modiEcatlon of his opinions^ Discussing them in 
1942, after his own exfensive siuvcys in Singhbhump Or J* A- Dtinn 
wrote: * Washing for alluvial gold Js likely to continue as an inter¬ 
mit tent occupation of the villagers in certain localities. There b 
little probability that alluvial deposits will be found such as would 
pay a company to sluice on modem methods. The values quoted 
by Maclarcn of 1 to a grains of gold per cubic >^d in the Sonapet 
valley would be payable under certain conditions of topography^ 
rainfall and depth of alluviuin. But in the Sonapet valley the ihLn 
alluvium with rocky outcrops is not conducive to sluicing on a 
large scale with low costs, and any attempt to do so must be con-^ 
demned at once." It must be recognised chat the seasonal changes 
from the low waters of the dry weaiher to the raging floods of the 
rains^ which character]^ livcra subject to the periodic variatious 
of a monsoon climate, do not bring about the tranquil conditions 
necessary for the accumulation of duck gold-bearing gravel deposits. 

Gold-Washing tliri%^ed at one time in those parts of Jashpur, 
Madh>'a Pradesh^ which lie south of Latitude £2^39% withui the 
drainage areas of the Ih river and its tributaries the Maini and 
Sonajori; old workings in the gravels are very numerous and smaib 
scale work still persists. Recent investigations have shown that 
the values are found mainly in those graveU which lie on a gneiisic 
bed rock and under alluvium which may range up to 30 feet m 
thickness. Thb gravel itselfts up to to feet in thickness and carncs 
an average gold content of 2 grains per cubic yard, but the avaUable 
reserves tot^ little more than one quarter of a million cubic yards 
and arc scattered in patches up and down the banks of several 
streams. The gold has been traced to quartz veins traversing the 
gneissDse granite country rock and random samples yielded up 
to l6 dwt per ton. 

Similar deposits are stiU being worked m the Koraput district 
of Orissa, particularly in the Kotab river beloiv its junction with 
the Rongpani^ in the Rongpani itself as well as in its tributaries 
the Jan and Dharan grddot and in the Garla nirdt where it debouches 
from the hills near Doraguda. The yields are said to ai-erage 
i to 3 grains per cubic y^d. Other similar operations continue 
in the alluvium of the Brabmarti river in Bonai and Bamra and 
in the of the Sona nodi in KharsawariH. The alluvium of certain 
streams in Khairagarh and K^nkcr, Madhya Pradeshj is known to 
be auriferouSp while a few ounces arc still recovered every year 
from die Sona ruidi^ near Kalagarh* in Gmhwah Uttar Piadeshk 

The sparsely distributed alluvial gold ofseverai of the Himalayan 
rivers and theJr tributaries, not only in Carhwal, but also in 
Kumaun, the Kangra valleyt the Simla Hills^ the Punjab and the 
North-West Frontier Province of Pakistan, is stilJ won on a small 
scale, as, foe instance, on the Indus around and above Attock, 
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on the Scan in the Fotwar, and on the Teria Panjkora and Swat 
tributaries in the north-western part of the North-West Frontier 
Province. The Buolmr and K^an* tributaries of the Jhdum 
river, also contain alLuvjal goldL Certain of ihe acid volcanic 
rocks north of Injan Dhcri in the Mardan diatrict contain small 
quantities of gold; tuHaccoua rhyolites collected by A. L, GouUon 
in this vicinity pdded 0;3 to 4-3 dwt per ton. These rocta may 
be the source of the □Uuvial gold of the Kabul river and its cribiitary 
Ac Kalpani nd/d which have been the scene of washing operations 
m past years. Gcld-washiftg has been carried on m Chilral from 
time mimeinorial as a Slate monopoly, the worken perfor m ing 
^eir ^ m rctura for the small estates they enjoy and never ocert- 
jng thenwJves to any great extent. During the summer the 
Chutral river is m flood and in the winter the water is too oold to 
^ow work to be done; the working season ihcrdbre only extends 
hrom mjd>SeptcmbcT to the end of November in the autumn, and 
Cfom nud-March to the end of May in the spring. The only tri¬ 
butaries of the Chitral river which carry gold are the Reshun, 
Kutagh and Roman gds, and although w^aahing operations are 
prosecuted for some considtaablc distance upstream towards Mastuj 
mainly downstream, between Drash and the 
Afg^ border, UsuaUy, attention is confined to the recent dc- 
but m some places, according to Habib Rahman of the 
feolpgi^ Survey of Pakistan, as in the neighbourhood ofDaminar 
Nisar, older giaveU lying 15 to ao foet above the present level of 
tnc nvtT arc w^ortea. 

of gold dredging in Burma were W, R. Moore 
enterprise a company known as 
GoU Dredging Co, Ltd was formed which carried on 
operations in the upper reaches of the Irrawaddy and about the 
conflticnw of the N’mai ^ and the Mali Hka, In the Myidtyina 

was ab™t 3 g^ns per cubic yard, and a tot3 of 56,6114 ^ 
w^ ^317,381. was recovered, together with aJall quantitiS of 
platinum and its sister metals. The dredge* wer^ «™r^v 

o™ m *^gu.S mdiBo, Ihc™. Tl«: Mandalay Gold Sadi- 
mg Cfo, Ltd ob^^ a large concession in the Lower Chindwm 
nver between Mmam and Homalin, but the dred^SLidS^ 

1905, a erected on the Namma river* a tributarv of Ae 

tjon is all^ to have proved the exUiencc of aparSimaSv 40 
miihon cubic of gravel, with an average value 
of ^Id per cubic yard, was found unable to^onn li^aSk 
to the wmcniau™ of the ground by calcium^bonate ^ 

carriS^In ci^ indi^oja gold-washing is, or ha, been, 

tamed on, m ibe Ghmdwm, Katlva and Myiikyiim districts are 
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listed in the wrldngis of H. S, Bion, H. L. Chhibber and E. L, G. 
Gleggj and to these V. P- Sondhi has added others mainly m the 
Souths Shan States. The richest occurrences are perhaps those 
of the Uyu valley, a tributary of the Chindwin, wych it enters 
near HomaJin, but they are said to be so mtermixed with barren 
sands and gravels that systematic large^cale operations would not 
be profitable. New occurrences described by V. P. Sondhi include 
an almosi constant band of gold-bearing gravel, three feet in thick¬ 
ness, at the base of river deposlis in. parts of the Panglang valley^ 
worked in the past by Chinese miners firom pits sunk through its 
aliuviai covering; the presence of gold in streams draining areas 
occupied by Chaung Magyi rocks t^tween the Salween valley and 
Kengtungt, and the auriferous gravel and boulder terraces in many 
of the valleys between Kengtung and the Thai border. In the 
Mong Hpaya^ Monglen and HawngJiik valley^ the gravels are 
generally buri-^ under 5 to lo feet of bamai overburdem The 
^mvels of a number of streams draining the northern aide of the 
Mogok massif,, as well as chose of other tributaries of the Shweli 
river In Mongmitt are also known to carry gold. While much still 
remains to be doncj such systematic prospecting of the gold-bearing 
alluvial deposits of Burma as has been undertaken in the past has 
proved that# in most cases, they are too lean to hold out hopKS of 
successful dredmng. It Is possible# hov^'ever# that better ground 
remains to be discovered, especially in the upper branches of the 
Irrawaddy and Chindv^n and their tributaries. 

No attempt is made here to discuss the intricate ebb and flov^ 
of the import and export trades in gold buUion and coins into and 
out of India in pre^independence days: it must suQice to repeat 
the official opmion that at the present time India is just self-sufficient 
as regards her own requirements of gold, which are mostly for 
ornaments# and that, as a consequence, some measure of control was 
essential for conservation purposes. Before the last war gold was 
exported in huge quantities# the annual average amount for the five 
year* ending 193S bemg 3 * 725 t 3®3 ^ i valued at Rs 34,34,94,121# 
against imports of 115,110 oz., valued at Rs i#i4#52,579. This led 
to the introductioii of controls to regulate the outward flow of the 
precious mend. FtM- the three years ending 1946, exports averaged 
a5#^9[ oz.# worth Rs H4i#g5,358^ and by 1948 no gold was leaving 
the cmuiUy^ Imports fbr tJ^ same three years averaged 6€,og8 oz., 
valued at Rs i#3O#7i^670. 


SILVER 

More than half of the world^s silver# which in the period 1934-3 
avetag]^ some 241J miUion ounct^ yearly, is said to be won not 
irom silver mines, but as a by-product firom argentirerous lead# 
zinc and copper ores, and although many of the lead ores which 
have been found in small quantities at numerous Itscalities in India# 
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Pakiit^ and Buima Kavc proved to be siJvBr-bcaring, not one of 
them ^ yet proved of any economic importance, wto ihc single 
exertion of iho» of Batvdwin in the Shan States (see Leao), 

The silvw minerals in the Baivdwin ore arc not visible to the 
naked eye but by microscopic study J. A, Dunn demomtiated the 
prewnce of pyi^ritc at all depths in the mine, cither alone or 
rep^mg tetrahi^nte, boidangente and bournonite. PiTarvyrite, 
or Ruby Silver One, is a sulphajithnomte of silver, 
and stains 59*8 per cent of the iiie^ ; letrahedrite. a sulphaTti- 
™ead bcuian^rite, a sulphantnnonite 

ll!) ItouroxHuie, a sulphantimoaitc of both 

Some W the sUver is ai» 
rouirh inrtrra ' galciia of thc fiawdwio ores. As a 

nature of galena and zme blende as 

unit per 

c^t of lead. Taken over a number of years an averaae of i ox 
of silv^ was obtained for every t •, per Jnt ofl^^ 

from the passage of the sil«r in its progress 

in the mhl «>f the nin^f^ 

S^n^er nfvT® flotation processes resulted in an increased 
iL produce and a smaller qiiantity 

(n tti.1. ^ii stance, in one pre-war year, the ore ^ivered 
o th« imJl from the mine contained t 

In ihe'^M3rt*iahfi?'tii^*^ ’* 4 ', 9 ^ per centf Zinc 13*76 per cent, 
inthenShitlSmT of the produ^ made 

exemtS^nf of them, with the 

^ j oonewtrates exported to Europe for treat- 
ment^ yvtrc smelted on the spot. ™ 
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of the copper matte produced by smelting these conccntrita is 
given below+ 


COMPOSmONS or SOStE smelter FROt>UCTS MADE FROM 
EAWDV^TN ORE 
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The silver was finally recovered hom the hard lead in the 
refinery where the Parkes* prQf:^s was in uae. Statistics of silver 
production at Nam Tu from 1909 to T940 are summarized m the 
table below. As the ore reserves at Bawdwin at the time of the 
Japanese invasion in 194® totalled over three mLUion ions with a 
silver content of over 15 oe. per ton^ it is evident that large cjuan tides 
w^l be forthcoming when mining operadons resume their former 
activities. The processing of Burfacc ore stocks during the year ended 
30 June 1952 yielded a total of ^Sipfiyo ounces of refined silver. 
The reopening of the mine ts describe under Leap, page 162. 


PRODLCmON OF REFINED SILVER AT NAM TU, 


Period 

OVA-Tirrif 

ValOb 

1909-11 

1914-16 

1919^3 

1954-8 

J 93 M 3 

1934-8 

1939-40 

(HU 

SMrTtS 

41831.504 

17,639*125 

2apG|2j0t0 • 

52,288,126 

[[,920,000 

£ 

46^ 

679,223 

3,184,110 

3,766,634 

2,7 [8,282 

2,906,625 

Tctm. ,. 


t 4 T 45 *>** 


This total of more than 125 miHJon ounces does not represent 
aU the silver yielded by the mine, for varying smaJI amounts 
remained in the zinc concentrates which were doubtless recovered 
in the countries to which they w'crc sold; moreover, the copper 
matte which was exported for refining also contained a great dcaL 
In the 162,241 tons of matte* valued at £3,790,113, produced from 
1934 until the end of 1940, it is calculaied that there were approxl^ 
matcly lai million ounces of silver* for its average content only 
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onte fell ImIow 6o o<e. per ton, attained a maximum of over 93 oe., 
and usually ranged bc^«n 70 and 80 oa. per ton. It shoidd not 
be forgotten that the Chuiesc mined this ore deposit for its silver 

^ quantities of cnpellation 

^^whuh Irft belund were some measure of the large amounts 

of the metal which they recovered. Though primar 3 y a lead- 
s^phidc orcbody. it it easy to uSdmtand how it 
obtamed its Burme% name of bow duiin, or * silver mintr *. The 
maximumsilvw production, as far as European mining is concerned. 

£ a amounu were extracted. 

reduction of the throughput 
b» tr™; r °^u Burmese sUver, 

^cd itJ history, the Burma Corporation 

to dispose of its sdver m India, whereupon the monthly 

Sr'S wSd’'‘“lvJir'^ f ^ 

iw iTtirS^e^Tr ^ ’94a. and &mn that 

end of 1951, 381,093 oz. had been recovered. 

some sUwlS?^ ^ Koiar field of Mysore nearly always contains 
S the cou™ ofrefiaing operations. 

^^mpur goWficld during its active life. The available statistics 
folWingSkf summarized in the 
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THE PRECIOUS METALS 


Indb imports large quantities of silver buUioa, die average 
quantity for the two years 1949 and 1950 being 103,531 «■, ^'aiued 
at Rs 4*«»9»597' 

METALS OF THE PLATINUM GROUP 

Plattnum, PAiiAuruM, Rhodium, 

Iridium, Osmium, Rutmemium 

Platinum, which occurs naturally in the mctallw: form, is almost 
alwa^ assocmed with va^g quantities of the related dementi 
p^ladiunj, rhodium, iridium, osmium and mthenium. Iridos- 
mine, or osauridium, is a natural alloy of iridium and osmium in 
^^nable aroounte, and mialj percentages of the other members of 
the group are also usually present in it. In 1831, JaiMS Prinaeo 
a button of white metal, which had been sent to the 
A^iic Society of Bengal, was ^ alloy containing m per cent of 
pkutii^ and 40 per cent of u-jdasniinr, the remainder consistinc: 
^ specimen came from Ava, 

SirSii^iL ^independent country, and Major 

Resident at the Burmese Cburt, later 
obtained with the gold dust from streams 
mtermg the Godwin nver from the west, near Kanni. Caotaln 
annay, in 1857, itated that platinum ocevura in appreciable 
«nds of the Kukawng valley, and H. S. 
^n, who the gold-bearing alluvial det^'ts of the 

with osmindiuni was detected m almost every locality, but in very 
s^l gnounis, its be^ the s£ie as that^ 

. * 9 “ 7 > H- L. Chhibber investigated alluvial cold wort- 

in^ in another portion of the Uyu valley in the Mvitk\'irLa district 
jmd found small quanndes of pSunn^as a of 

carehilly removed from the gold conceatraira hv 
the locjd washers then thrown away. ^ concentrates by 

Platin^um and iridosminc then are characteristic aanri^ri-. nf 
the alluvial raid of the rivets in the north of Burma, and it is not 
surprising therefore to find that ‘ platinum ’ was r ^ 

W the E™ Gold ftodgioj d. 

'>™cht» it> the Myidtyia district. 

-.rrXd-.% 

platinum and Eridosmine 
™ drmns ihc opposite flanis of ihe^atlol ran^^dcS' the 
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AralcAn Yomaa. The iridosmiuc from tlie Noa Dihifig valley 
probably belongs to the osmium-rich variety knovra as sismkitc, 
bpenyLtej platinum diarsenide, PiAs», the only known native 
ccanpoimd of the clement, has been detected in heavy sand eon. 

tribatariesofthc Irrawaddy in Myitkyina 

The cxaimmtton of a Qutn ber of samples of Indian stream eold 
Stored in the Geologic^ Surv^ Museum in Calcutta, proved the 
“ plaunum m specimens from streams in Sinirhbhum 
Manbbum and m the Btahmini river in Oriiaa, and led Mallet to 

™P«f>=*ble that platinum is mmewhat 
widely diffused in the souths part of Chota Nagpur, and perhaps 
Aroughtmt a ^ But the specimens do liot in th^IvS 
ground for believing that it oeema in more than minute 
quanu^. It i#, ™ible that the gold washers may some¬ 

time find grams iufficicndy large to attract their attention, and 
that they reject them « uicl«s,’ Amongst the specimens contain¬ 
ing platinum was one from the Gutina river near Dhadka in Man- 
hhum. and i^ny years later E, O. Murray obtained silvery grains 
of platmura from inuch the same locality whUe panning for gold 
the idcrmfication of the metal being confirmed laier in the Gcol 
Survey latoratoty J. A. Dunn thought that the origin 
of dm platmmn » possibly connected with the basic intruii^ 
which crop out m the schists north of the Dalma lavas. 

Traco of platinum have been reported in bauxite from Dhan- 
gaon, Jaipur district, Madhya Piradesh, and in bauxitic mud 
residues from Tungar Hill, Bassein, Bombay. 

from the uses of platinum and pa lladium in Jewcllerv and 
for othtj dcco^tiw purposes, all tile members of the group possess 
properties make them of great value in many branches of 

mdus^. Such properties include their high mcldng-potnts, free¬ 
dom from attack by most cbcmicals, high strength at elevated 
t^peratures, resistance to electrical spark ergoion, colour rc- 
catalytic activity. Platinum provides the chemist 
iflth both ^^ratory and v^rfcs uteraUi; for large-scale operations 
platmum-clad or lined equipment is available. Alone, or alloyed 
with other mcmbOT of the group, it is the catalytic agent for the 
convenion of sitl^ur-dioxide into the trioxide, in the manufacture 
of^sulphunc afiid; in the production of high-octane petrol and 
ot^ petroleum products; in the production of nitric add by the 
o«^tion of ammonia, a process in which gauzes made of platinum- 
ih^min alloy-s arc employed, and, with palladium, in many 
hydrogenation opei^ions. The electro-chemical indvutry uses 
p^num anodes m the preparation of hydrogen peroxide and other 
^ghly oxidized substances, and anodes of platinum-iridtum alloy] 
m clcctro-pIating and the wovery of metals from waste soludoiu. 

the unimerci^ inanufacture of glass fibres platinum nozzles 
being resistant to the attack of tnohen glass, are et^nriai Jjj 
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production of riyoai or artificia] silk^ the viscose solution is forced 
through tiny holes in a spiaocret Lmmcdiaiely before iia coagubtion 
into thread- These holes must be of extrejncly accurate dUnetuiom 
and tntist retain their size and shape in constant use, entailutg 
great resistance to both wear and corrosion; gold-platinum and 
pLatmum-rhodimn alloys arc therefore widely used. In the 
electrical trades, alloys of platinum with one or more of its sister 
elements, Or with tunpten m some casOj, have many applicationSi 
includhig conmet points in magnetos, coilSj spiarLmg-plugs, tele¬ 
phone and other relays; in resistance thermometers^ thermocouples 
for measuring high tcmpcranires, furnace heating dements to 
operate at temperatures up to ifoo^ C+ and so forth. 

Palladium, like platinum, has both ornamental and useful 
applications and is now available in many prefabricated forms for 
personal adornment and decorative purposes, including foil beaten 
in the same manDer as gold. Apart from the alloys already men¬ 
tioned, there are others in which it plays an important part, parti' 
cularly those employed in dental metallurgy for various fittings 
and clips. Owing to its reniarkable power of adsorbing gases, 
palladium is an excellent catalyst for hydrogenation and dehydro¬ 
genation processes^ In a spongy form it pos^^sscs the unusual 
property of adsorbing about QiOO times its own volume of hydrogen 
and for this r^son may be employed in the purification of Ih is gas 
for spnial purposes. 

Iridium is emploviid mainly as a hardener for alloys of the 
softer platmum-palladium group, particularly m the alloys umsI 
by the electrical Indiistry, and in the manulacture of hypodermic 
needles, dental plates and surgical mstruments, as well as in many 
forms of chemical apparatus. While the Iwdnm of native pla¬ 
tinum may vary between 4 and 4^ on the Mohs' scale, that of the 
natural alloy of iridium and osmium rangw between 6 and 7. 

Osmium is the heaviest of all the metals and, with a meUitig 
poi 0 [ of 3 700 C,, the most refruc tory member of the platinum group, 
while its hardness is only exceeded by that of iridium. Iridosmint 
is ’^dcly f^ployed in the tips of gold fountam-pen nibs on account 
of its qualities of hardness and resbtance 10 ink corrosiom Similar 
alloys are used for bci^iiigs in watches and compasses and in the 
contac t pcin ts of electrical devices. 

Rho^um » a lustrous white metal which is said to be as malle¬ 
able and ductile aa sihxr. It Js almost iiaoluble in all acids and 
has a higher mcldng point than either platinum or palladium— 
<995 compared with 1733* C, and ^555’ C. respectively—and 
It possTO a more efficient reflcctuig surlace than chromium: thus, 
apart from its uulity in catalysts and alloys it is pUted on to mirrors 
for semchlights lamps, on to silverware to present tamUhing, 
on to special electrical contacts and components to give them 
hard and resistwi coverings. To the dworatii.'e alloys of platinum 
u imparts a bnlliant suriacc after polishing. 
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Rulhenium, the rarest member of the group, occurs in indoS' 
minp, but aa a only to the extent of 4 or 5 per cent. It is 
described as white, hard and brittle, and next to osmium as the 
most tidusiblc metal of the group. It is employed cnciFcly as a 
haidcning element in platinum and p alla dinm-base allo)?. 

The metals of the platinum group are both rare and costly. 
Forty years ago the cost of platinum was a Ittde leas t h a n that of 
gold, but by owing to its introduction into jewellery, it 

brought seven or eight times the price of gold. In later yeai^, 
owing to increased production in Canada and elsewhere, the prices 
of platinum and its relatives decreased greatly. In the second 
edition of this boot, published in 1936, the prevailing prices for 
August, 1935, are given as platinum £7 per oa., iridium between 
£Q and ^lo per oz,; palladium, the cheapest metal of the group, 
about £4 and osmium between ,^^7 and £9 per oz. By 1950 they 
had shared in the spectacular rises in the market value of most 
metals and, on the I/?ndon market, ptatinum was then quoted at 
jt 37 per oa., or over twice the prevailing price of gold; 

to jCio per ; rhodium at £40; iridium at ^55; and osmium 

at £fo per oz., while ruthenium was obtainable at about the 
cost as plnttnuuL 

The world's production of the platinum metaU in 1948 is esti- 
tnated to have been about 531,000 oz,, to which Russia is thought 
to have contributed some 135,000 oz,, while Canada gave 131,404 
oz. of platinum and'108,343 of the related metals, and South 

Alhca 68,933 oi. of platinum and 5,330 oz, of ostuiiidimn. By 
1950 the South African output had increased to a total of 356,385 

and that of Canada to ^69,441 02. 

The Canadian produedon is a by-product from the stoeltirtg 
of the Sudbury nicfcel-coppcr orcs^ in which the pLatinum metals 
and gold arc present only to the extent of rough^ two parts per 
miliion parts of ore, but, because of the lai^ge tonnage of ore dealt 
with| the actual output of these precious metals is very considerable. 
The sludges and residues which contain them are dealt with at the 
refinoy of the Mond Nickel Co. Ltd at Acton, England^ Most of 
the primary platintim deposits, including those of Canada, the 
Eushveldl in South Africa and the Urals region of Russia, arc 
geneUcaJly aw>ciat^ with basic and uitrabasic rodb of the gabbro 
and pcfidotitc families. OsniiridiiiKi is also a by*product of gold 
mining in the Tnmsvaal. From the primary deposits, secondary 
ones of an alluvial, placer character axe formed and have been 
worked an a large scale in the Urats, Colombia, Ethiopia, Alaska^ 
Sierra Leone and dsewhcfCi^ All Indian uitfabasic rocks^ especially 
the occurrences of dunite and similar types found in the neighbour* 
hood of chromite deposits, and the duvi^ and pl^er deposits 
dtTR'ea from them, should be prospected for piatinum, bearing in 
r^nd the het that it was not a metd in which the minm of former 
times had any particular intereaL 




CHAPTER III 


THE MORE IMPORTANT NON-FERROUS METALS 

COPPER 

The copper ores of petujuular India, as V. Ball first pointed out, 
occur both in the older crystaUine rocks and in severd of the 
younger groups, as, for example, in those of Coddapah, Btjawar 
and AravaUt age. In extra-peninsular India they are found for 
the most part in highly metamorphosed rocks, the precise age* 
relationships of which are not in all cases clear as yeL The com¬ 
monest ore is the sulphide of copper and iron, copper pyrites or 
chalcopyrite, Cu|S.Fc(St, but near the outcriw it is usually altered 
into the green basic car&9iiate, malachite, auuO.COfHtO, or the 
blue basic carbonate, aaurite, 3 ChiO.a 00 i.H,O, As a general 
rule, to which, however, there are some notable cxccptionsi, Indian 
copper ores arc not found in true lodes, but arc either sparsely 
disscmmaied, or are locally concentrated in more or less extensive 
hunches or nests in the enclosing rocks j occasionally, cracks and 
small fissures haw been filled with infiltrated ore and thus resemble 
true lodes. 

Copper-bearing minerals have been reported from practically 
every State in India ■ from Baluchistan, the Nonh-West Frontier 
region and the Punjab, in Pakistan; from the Shan States and the 
districts of Mytlkyina, the Lower Chindwin, Salween, Amherst, 
Tavoy and Mergui in Burma: in both the peninsular and extra¬ 
peninsular regions of India, there arc old copper mines of great 
antiquity whose histcri« are completely lost. Copper ores were 
smelted in prehistoric times and may have supplied the needs of 
the country for many later centuries, but in the days of the early 
Em-opean contacts with India, the mining and amdting of copper 
ores fell to quite a small scale, and fifty or sixty years ^ was only 
carried on in the most petty manner. In the great majority of 
cases, the miners were unable to cope with the water which flooded 
their workings once they attained any noteworthy depth, and, in 
qiite of the fact that labour costs must have been small, the metal 
which vras turned out by the indigenous smelters could not be sold 
at cornwrim-e prices in the home markets against metal imported 
ftom abroad. Only the larger occurrences of copper ores can be 
dealt with here. 

In ibe Singhbhum district of Bihar, a copper-bearing belt 
delineated by many ancient worldngs, and some Bo miles in length, 
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commences at Dtiarparam^ on the Batnbii rivcTj m the Kwa E^tate^ 
Singhbhum, and strikes m an casicrly direction through Khareaw^an 
and Seraikela into Dhalbhunip where it curves to the south-east 
through Itakha Mines and Mosaboni, ending to the south-east at 
Baharagam. The whole region took part in the great mountain- 
buildingi fold movements of Archaean times which resulterl not 
only in wdl-dermcd. geo-anticlincs and synciines, but in the over¬ 
turning towards the south of the close isoclinal folds which already 
Ailed in the broader structures. Then folIovMed the cuiminatiiig 
event, the devdopmenc of a vast zone of overthrust along the 
southern; lim b of the central geo-anticline^ which had formed the 
axis of thia Archaean range. The rocks to the norths ^dready 
completely metamorphosed^ were thrust bodily against the less 
altered ones to the souths and along the whole leng^ of the over¬ 
thrust shearling was both close and complete. At the same timCt 
extensive mtrusions of soda-granite and granophyre %verc taking 
plnce^ tongues of which, caught up in the thrust zone^ were sheared 
os completely as the oiclosing schists and in places entirely myion- 
itized. Two othfu: shear zones indicate papilcl lines of movcnicnt 
but do not concern us here* This tectonic history is important, 
for the movements virhich it records ate the factors that have con¬ 
trolled the distribution of the later ore deposits of Singhbhum* and 
the copper belt for mast of its length follows the main zone of over¬ 
thrust across the country^ while the lead ore deposits of Dhadka, 
in Manbhump are probably related 10 a smaller overthnist further 
north. 

The mlneratbadon of the copper bdt is gencticalty connected 
with the intrttsion of the soda-granite, and its first stage the 
formation of apatite-magnetite veiris along the fissure planes. The 
deposition of the sulphide minerals which have formtil the copper 
lodes followed as a second phase, both sets of minerals being re¬ 
garded by J. A. Dunn as high-icmperature liquations from the 
same residual soda-granite magma, relief of pressure rather than 
falling temperature betng the controlling a^ncy in the pre^ess* 
In most pam of the belt the copper-bearing minerals are too widely 
disseminated to reward exploilatioii in any notable de^eCj but 
this docft not hold for the important section bctivecn Rajdah and 
Badia. At the Rakha Mimrs and at Mc^boni^ both of which are 
within this particular section of the belt, the ore channels are hot 
described as sheeted zon«, containing one or more veins of solid 
sulphides together with mineralization of the sheared country rock 
of both walls. The solid ore may vary from a few^ inches to several 
feet in thickness, chinning out or tailing off when continued along 
the strike direction, to be followed by other occurrence more or 
less fn ichdan. The width of the mineralised side walls varies greatly ; 
at the Rakha mines the lode channel contains values across an 
average width of 5 feet; at Mosaboni the averse width is greater 
than this, and exceptionally has reached a width of 30 feet. At 
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Mo3Aboni the country rock is granite, altcrtrd to chloritc-biodtc- 
quartz schbt along the lode-channel j at the Kakha mines it is 
quartz schist changed into chJorite-seridte-quartz schist as it ap-*^ 
proaches the minei^izcd zone^ The main sulphides are chalcopy-^ 
rite and pyirhodic, the magnetk sulphide of iron; the subordinate- 
ore tnineraJs arc penilandite [the sulphide ofiron and nickel, 

iFeS-NiS)tVtGl!u:ite (another sulphide of Iron and nickel (NiFe)^*)* 
and nullerite, nickel sulphide (NiSJi, The gangue includes quartz, 
chlorite^ biotite, to-uniiabnei magnetite and apatite- At the surface 
the sulphides have been oxidized, and in the dumps left by the 
ancient miners malachite, azurite, chrywolla (a hydrated silicate 
of ^pper), cuprite (the cuprous oxidcj CujO)i native copper, 
and* occasionally, chaJcodle [cuprous sulphide, CufS) are to be 
found. There are no zones of enrichment, and the products of 
supergene alteration give place gradually to normal primary 
suipbidea, usually vrithin much less tliau soo feet in depth. 

The first allusion to the copper ores of Singhbhum appears in 
a paper by W. Jones, dated 1829, but it was not until 1854, when 
J, C. Haughton dei^ibcd the old workings of Kharsawan, in the 
joun^ of the Asiatic Society of Bengal, that their existence was 
definitely esiablished. About this time, Emil Stoehr was coimms« 
sioned to cxamicie the deposits on behalf of two Calcutta firms^ and 
his report led to the formation of the first Singhbhum Copper 
Company in 1857* It commenced operations in Seraikeia, at 
Namdup and Jamjora, and (hough it obtained good ore was so 
burden^ by excessive royalties pa>^ble to the Rajas of Seralkela. 
and Dhalbhum, by an expensive establijhment of Saxon miners 
and English smellers, by the erEcdon of cosdy smelting plant and 
by other premature and exccsive expenditure, that it is not surpris¬ 
ing that it was dissolved in 1859. A second concern, the Hindostan 
(Singhbhum) Copper Company, started mining at Rajdoha in 
1862, but by 1B64 had shared the fate of the earlier one. VaJentinc 
Bairi da-isiral memoir on the Singhbhum region appeared In i88i, 
but it was not until 1891, with the formation of the Rajdoha Min¬ 
ing Company, that any further undetground exploration was at- 
tcmpicd. lliis company opened up a lode at Rakha but further 
work seems to have been prevented owing to lack of funds. About 
1903, Sir Thomas Holland 'Lisited the copper belt and, impressed 
by its potcnrialides, as well as by the unsatisfactory slate of definite 
knowledge concerning them, arranged for more detailed investiga- 
liom Biirag theyea^ 1^8, selected localities were sysiematical- 
ly dniiod by the Geological Survey of India^ in a succmfiil com- 
paigij which directed renewed attention to the belt and laid the 
foiiiidations of ita modem industrial devetopment The Cape 
^pper Company bought the RalUia mines of the Rajdoha Mining 
Company m dwloped them actively, pn>.-od large ore 

reseivw, erected a mdhng plant and commenced production in 
1914- Smelting commenced in 1918 and ctmtinuHl imtil March 
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1923^ when work cea^ owing to financiaL difficultly, after the 
production of 18^1095 tons of ore;^ valued at 224,70a, from which 
3,550 tons of copper, worth been made. 

Between *911 and 1918, the Cape Ckppper Company had done 
a litdc prospecting at Mosabotu, Laukesnt and Surda, localities 
lying eight to ten miles to the south-south-east of Rakha, on the 
continuation of the belt in that dirccdon, and In 1920, the Cordoba 
Copper Company^ under the management of John Taylor & Sous, 
took an option on the Mosaboni area of some 20 square miles from 
the Capo Copper Company + This option was taercised in 1924., 
afrer the Main and Western Lodes at Mosabonl had been developed 
to a depth of 500 fret, and the existence of considerable ore reserves 
proved. In 1924, the Indian Copper Corporation of toflay came 
into existence as a reconstruction of the Cordoba Copper Company. 
During this period other prospecting venture were made in the 
Sideshnr-Kandadiii area by the North Anautapur Gold hlinca Ltd, 
who partially developed a copper lode at Chapri, an area which 
had been already bored between 191S and 1920 by Messrs Tata 
Sons Ltd in partnership with GLUanders, .Arbuthnot and Co. 
Again, the Ooregiun Gold Mining Co, Ltd sank ahalb and dia- 
coverwl a lode at Galudth in Kharsawan^ 

The existing leases of the Indian Copper Corporation Ltd 
extend over an area of some 24,089 acres and include the producing 
mines ofMosaboni, Badia and Dhobani; the two former are con^ 
netted underground while Dhobani li« somewhat further to the 
west. Its single lode, which is in cpidioritc, was reported to be 
approaching exhaustion in 1950, By October 1953 the Dhobani 
mine had been closed owing to lack of profitable ore and m the 
Badia mine at that time there was little evidence that ore-shoots 
of the upper levels vrere continuing to the deeper ones^ At the 
Mosaboni mine, however, some of the ore-shoots have continued 
dowuwrards though on a diminishing scale, but this tendency had 
been coutiLCrbalanced by the discovery of a new lode, termed the 
No^ Badia, which was then persisting downwards In a more 
satisfactory manner. A circular shaft of i 5 feet internal diameter 
was then beiug sunk some 3 j 50O feet out on the hanging w^all side 
to intersect the lode at No* iS level, and to contmue to No. 20 
Icvel^, a vertical dcpdi of 2,250 feet* It will provide improved 
yenttlation and give better hoisting faciUties, allow development 
in depth and so determine the continuation of the deposits. In 
this connexion furEhcf secondary sinking will eventually be ncces* 
iary below the 20th leveL Tw^o roughly parallel lodes have 
bcCT worked at Moftaboni, dipping east at approximately 30° to 
35® from the horizontal j they have been developed north and south 
for a total distance of three mily, and by the end of 1950 to a 
depth of 2,000 feet* The reserves ai that time totalled 3,087,195 
short tons, with an average copper content of 2*51 per cent The 
ore is conveyed by an aerial ropeway for a distance of about 6 
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miles to Ma-ubhander, near Ghatsila, whertr Xht concentmtion 
ptantf smelter, refinery and roUinif mills of the CJorporation are 
situated. Until 1950^ practically all the copper produced was 
alloyed with zinc and converted in to brass^ or ' yellow metal ^ (€2 
per cent copper with 38 per cent zine),, which was rolled into sheets 
and marketed entirely in India, the first sheet to be made having 
been roUed in 1930. In 1950, however^ owing to the scarcity and 
cost of zinc,, it was decided to substitute as far as possible the rolling 
of copper sheets, The Government of India also placed an order 
with the Corporation for refined copper ingptSi to be supplied at 
the rate of 200 tons per month during the year 1951.^ Between 
1925 and 1950^ fii7B8j283 tons of ore were raised^ mainly from the 
Mosaboni minCi of an estimated value of Rs 11,91^18^92^ or 
jCfi^933»S06 appro3cimateIy* From this ore, over the same period 
124,4^ tom of refined copper* averaging about 99*5 per cent 
copper, were made* to be alloyed with zinc and tum^ into yellow- 
metal sheets and circles for the Indian trade. The quantity of 
refined copper produced in the five years ending 1948 averaged 
5,967 tons per annum, compared with 6*235 6*510 tons during 

the five-yearly periods ending 1943 and 19381 respectively- The 
carresponding figures for the brass made from it were &jifl5* ^*523 
and 9*817 tons. The averages for the two years ending (95O wem 
6*502 tons of copper and 8,9^ tons of brass. 

Chalcopyritc occurs with the lead-siJvcr-iinc sulphides m certaw 
parts of the great ore deposits at Bawdwin, in the Shan States of 
Burma, particularly at the northern end of the Chinaman prebody 
and in the Shan, Mcingtha and Chin lodes. The copper is re¬ 
covered in the course of metallurgical operations at Nam Tu and 
used to be exported to Europe in the form of matte, which, in 
addition to some 40 to 44 pen? cent of copjw, coniained from 25 
to 30 per cent of lead and 70 to 80 01. of silver to the ton. This 
matcrLal was first produced in 1924^ and from that Itrac until 1940, 
162,241 tons, v^ued at had been shipped, ft is cstb 

mated to have contained 68*510 tons of copper^ Production com¬ 
menced again in 19^18 and from that year to the end of 1951, 30a 
tons of copper matte had been recovered, * 

The extensive old workings at Baragundn, Hazaribagh district, 
Bih;u^, where copper pyrites occurs in lenticular stringers and dis¬ 
seminations in schists and quartvites, have been the scene of various 
Uter, unsuccessful ventures. In 1888, the Bengal Baragunda 
Copper Company produced 218 tons of refined metal here, but 
J. A- Dunn, in 1942, considered the deposit to be too amaU and of 
too low^ a grade to be worth reopening. 

In Madhya Pradesh copper ores occur near Sleemanabad and 
Niwar* Jabalpur district, as well as in NarsEnghpur* 80 to the 
noT^, on the same strike. The veins at Sleemanabad are m dolo- 
imlk limestone* from 6 inches to 3 feet in width, and contain 
chalcopyrite, tetrahedrite (the suJphanttmonite of copper 4Cu^. 
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$btS|)t galena, pyrite and magnetitej with small gold and silver 
\^ucs. They were prospected in tg04-B and again in 1937^ but 
full i^onnation about their si^e and extent is lacking. 

In Andhra there are extensive old workings near Garimanipenta, 
in Neliore district, which have yielded a few tons of ore in reotne 
years^ but which have not yet been systematically investigated in 
depth. The Chitaldrug district of Mysore has aUo yieldra small 
quantities of ore from a fdbite which cuts the Jogimaradi Trap at 
IngladhaL 

Copper mining proba^bly persisted longer in Rajasthan than in 
any other part of the Peninsula, Old workings near KhetH, Bahai 
and Singl^na in Jaipur are ahnost continuous for 15 miles, in the 
upper part of a zone of slates and schists of Ajabgarh age* and arc 
now in a ruinous, watcrlogg^ condition. Nevertheless, A. M. 
Herorif a former Director of die Geological Survey of India, believes 
that ore still exists in sufficient quantity to jvistily reopening and 
drainage, while proper prospecting offcis possibilities of a large^ 
low-grade undmuJung, Cobalt minerals axe asocinted with the 
copper arcs at Bahai. J. F, David has more recently described the 
principal ore as ch&lcopyrite, occurring in slate as ^ irregular 
stringers and disseminat^ fine grains, sometimes continuoua and 
always lenticular ^ Three average samples of such ore from 
Barkm contained 0^95, 2*10, and 11-8 per cent of copper, res« 
^ pcctively^ with traces "^cobalt in the tMrd. Another scries from 
Akhwalt^ near Bagor Ffljt, contained 2'0, 3^3, 3r5, 5^2, and E2*S 
per cent of copper resptciivelyj MOth iraco of cobalt and silver^ 
The oxIdhEed ores, makchite and azuritc* are associated with larger 
quantities of BilveTt usually 3 or 4 oz. per ton of ore. The old work¬ 
ings at Daribo^ in Alwar, were re-examined recentiyj and the grade 
of ore found tn them is stated to have been good eno^h to warrant; 
further exploration. Much the same remark applira in the case 
of certain deposits which lie acrass the south-western boundary of 
Rajasthan, at Zari and Kalikuit in Chota Udaipur, Bombay, and 
from which 6 tons of malachite were obtained in 1948. 

There are many occurrences of copper ores In the miter rang» 
of the Himalayas at mtervaJs from Sikkim in the east to Kashmir 
In the west. In Sikkim, they were worked extensively in the past 
by Nepalese mincra and were [K'ospectcd by Bum & Co. of Calcutta^ 
who$e operationsj however, were suspended during the lirat world 
war (]^]4-[8) and never resumed. According to Sir Lewis Fermor, 
who visited the region in 1911, the more important of a number of 
orebodics are at Bhotang, 44 miles from Sihguri on the Gangtok 
road, and Dikehu^ about 7 miles to the north of Gangtok, withlii 
a mile of iho Gangtok-Lachen road, and 75 miles from StUgurL 
At the latter place, a clearly detiuc^ lode had been opened up 
along Its strike for aoo feet, and pro\-^ed to have a width of 3 feet, 
bearing 6 * 14 per cent copper. The mineralization here ii oonfiood 
to a belt of highly crystaLune mica tchists with associated gneitfes. 
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Vi^hicK forcn a boundary 20ac between the Daling Series and the 
Sikkiin Gaeks. At Bho-lao^ there are tv^(» parallel but disturbed 
qre bands about 3 and aj feci thick respeedvd^j separated by some 
to feet of s1atcS| aad their content of copper is said to be somewhat 
higher than that of the DILdhu lode. lAtcr sampling by D. Kerr- 
Cross revealed diat the Dikchu Icde as exposed in the adit is of 
rather higher grade than at Bhotang^ bm it is in a very isolated 
locality and extremely difficult of access. These ore bands are 
interb^ded replacemeut deposits iu comparatively unaltered Dal* 
ing slates. In both cases the chief ore mineral is chalcopyritc and 
the commonest associated sulphide is pyrrholiie, but galena and 
sphalerite (atne blende) are also common;, especially at Bhotang. 
The rarer associates arc compounds of bismuth, antimony and 
tclIuriunL Jh^ telluridc of bismuth, letrady-mitc, Bl|Te,, has 
been recognized in specimens of copper ore from Sikkim, together 
with linr^ite, a sulphide of cobalt, Cb.S^. Other deposits of 
similar^ interbedded, replacement types occur in the Rhotak 
v^ey, at Sirbong, PachiMiaai, Pakyong and elsewhere in 
Sikhimp 


To the muth of Silkim, in the Darjeeling dialrict of West Bcngtd, 
d i wrmina tioiis of copper nuncrab in slates and schJsu of the Dating 
Series have been mined in the past by primitive methods at several 
places. Perhaps the most promising of these is at Komai, on the 
left bank of the Mo Chu, where lenses of rich ore, a to 4 feet in 
width, occur in slates. Liide is known of the copper orb of Nepal, 
beyond the fact that they are associated with the ores of cobalt aad 
nickel, and have been worked on a small scale as at Siipasorkhanl 
M’cat of Nepal, and in the Almora discrict 
of Uttar Pradesh, there are old copper workings near Dewal Thai 
and elsewhere, but as far as lurfacc indications go they are not 
par^cuiarly promising. Further west still, in Garhwal, there are 
ancient copper imncs at Pokhri and at Dhanpur. J B Auden 
w^ visit^ Pokhri in 1939, was of the opinion that there m prob^ 
afaly two lodes m schistOK quartzites and chlorite phylUtes form¬ 
ing part of the Garhwal Series in the Chamoli tectonic v^dow, 
^e southern lode havmg a footwaU of sideritic limratone- Accord- 
to G N. Dutt, the dolomites and quartzites of the Garhwal 
Window Senes contain a mmeraiized zone, marked by the presence 
of tlK 01^ of and trad, which extends over 60 miles ^tweea 

Ujc Bha^tlu valley m Tehn Garhwal and Dhanpur in Garhwal 
^tnet, but Its Miiomic potentiaUUei have stiU to be determined, 
^tu^g to ^ north-i^twards. old copper mina have been 
rwrtcd ftoin the Sunk Hills, near Solan, as well as from a number 
of places m thc^Kulu are^ Nw Simgam in the Kangra district, 
paall parols of ore have been obtained from quartz vriS traveri 
^^bnan schist, but vt^ little is known dther of thti or the 
^pci^bearmg mineral, have b«n found at 
numerous places in Kashmir and Jammu, and they were mined. 
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in some iii 5 tanc«p m timE^ long paat^ cither firom iDcles with a 
qitam ganguc which arc found in FalacoEoic aJates, w frum vcim 
which follow planes of breedation in the Great Limestone* Per* 
baps the two more impoi^i deposits are those of ShumahaJ, near 
fiapatiLir|. in the Kashmir valley] and Oaintij in the HJasi district. 
At the ibi'ijucr locali ty a slaty band is impregnated with a mull I- 
plicily of small vcim and lenticular bodies of quartz with chalcopy- 
rite, oxidized at the surface to malachite azuritc and cuprite. At 
Gainti, chalcopyrite and malachite are distrifauted along fracture 
lines in a particular rone in the Great Limestone Series. Where 
testri* the ore averaged 2*6 to 3*7 per cent of copper. Re¬ 
ferring to the copper deposits of Kashmir, C- S* Middlemiss 
wrote: Working them under modem conditions will demend 
cm the opmng up of the country by commiinication lines, on 
the co-ordination of related industries and on the utilization of 
by-products/ 

fn the Punjab of Pakistan, nodules of copper pyrites occur in 
beds of variegated clay, associated with the Spectlcd Sandstone 
of the Salt Range, and especially on the scarp above Katha, in the 
Shahpur district. From the North-West Fronuer Province come 
reports of * showings ' of ore in Ghitral, Waziristan the Moh- 
i^d territory: in 1^9* S. Tayyab Ali found a vein of chaicopy- 
rile, 3I to 1^1 feet thick, intimately mixed with quartz and pyrite, 
near Imirdm in the Lutkho valley. Copper ores were at one dme 
Smelted at Jalai Robat, in the Cha^i district of Baluchistan, where 
large heaps of slag stiU exist. Low-grade ores have been reported 
from^ quartz vetns^ in the Kojak-Amran range of the Quetta-Pishiii 
district, and as dissemitiations in the Tertiary syenites of western 
Baluchis tan. 

Indians imports of copper and brass for the pre-war period 
i 934“8 averagjrf STi^St tons per annum, valued at Rs a^50,99,733 
compared with £3j!J76>87a in the 

quinque nnium ending 1933-3. These figiires are by no means 
exception^ for in earlier years itill such imports often coat the 
country million and exceptionally more than million per 
Twi^thirds of the pre-war Imports were derived from 
the United Kingdom and Germany and these supplies ceased on 
the outbreak of hostilities. Thus, over the war period, i939-45» 
imports feU to 19,569 tons, valued at Rj (.93,73,473 (jCi^SS.oto) 
lo overcome shortages and meet internal munitions^ demands, a 
second copper refinery was erected in India in 1940, where, up to 
1943, some 17,000 to^ of refined copper were made on Govern¬ 
ment account, from imported Rhodesian blister copper, part of 
which entered intp the composition of the 13 separate varieties of 
bras^ which were then made in the country for special purposes. 
During the first post-war year, 1946, imparls of brass and copper 
jumped to 65,777 toiw, valued at Ra 7,ii,38,s8a {£5A^t9i^), 
and included m this total are nearly 39,000 tons of high-grade 
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copper destined fcjr the manui^ttii% of electrical cables and wuea 
in India. In i950f 41,851 ton* of wrought and unwrought copper 
alone, valued at over Rs 9 crorea, were importccL In spite of the 
fact that there is a tendency for aliuninium to replace brass in the 
manufacture of the triulitional Indian cooking and household 
uunsilsj the consumption of copper must increase to keep pace 
wilh ^atiral indiivtrial dev^opjTieiit+ 

To meet this existing and growing demand thci^ is an internal* 
yearly ont^tum of but 6,000 to 6^500 tons of copper. If the country 
is to be independent of external EuppUes, which may become pn> 
carious in times of war, more home production is essential^ and it 
can be met, at least m pari, by extending mining operations in the 
Singhbhum beltn It is perfectly true that the metallic contents of 
this are tinusually scaticetd, but it is not generally realised 
that it has not been fully prospected. Disseminated as its copper 
contenta arc, the actual amount of copper ores within the belt as 
a whole plaice it^ as J. A. Dunn remarked, amongit the world^s 
greatest minemlkcd zoncSj and it is extremely unlikely that the 
lodes now under exploitation at Mosabonl and Badia are the only 
profitable ones to ^ found throughout its entire length, Dunn 
believed that the lodes in the south-eastj in a compact area to the 
north-west orBaharagora, which have never received any aticmioa, 
deserve proper investigation^ and in hh writings various locadons 
are mentioned which offer scope for further w^ork. Amongst othcrSi 
the whole xonc of schists forming the centre of the Surda ridKi 
honeycombed as it is with ancient workings, should besystcmatic^y 
sampled with a view to mining on a large scale by open-cast 
methods. 

The copper ore deposits of Rajasthan and of Sikkim have promis* 
mg possibilitiesj but in both instances expensive exploratory work 
is needed, espesi^ly in the former case* Litdc is to be gained by 
sur^e examinations alone, or, for that matter, firom opening up 
ancient workings unless they are to be extended, for the old miners 
of past generations were adepts in removing every scrap of visible 
ore from them* Depths unattainable by them must be reached 
and explored, either by drilling, or, better still, by mining and 
draina^, before any proper et^uation 13 possible* Experience in 
the snccesafiil search for other minerals under Bimilar conditions 
proves that this demands both time and capitals Such undertak¬ 
ings are not for the Individual or for small syndicates; they are 
more properly ventures to be financed and techmeaUy controlled 
by the State, or by large-scale ente^rise* It ia as well to recall 
here that all the early attempts to mine copper ores In Singhbhum 
were profitless failtirei, until the Geological Sur^'cy of India carried 
out a diamond drilling campaign along the copper belt during the 
years 1906-8^ and, in so doing, redirected private cnieqirije into 
what hw since become a well-established mining and metallurgical 
industry^ 
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Although gaicim^ the ^phidc of lead, ^metimes dccoiopanicd 
by the carbonate, ccrmsite, FbCO^ has been found at many pl^cs 
in India and PaJ^tarij and although at some of these it was mined 
On a smatl scale to supply Local nce^ in times past, the vast majority 
of these occurrences are of mineraiogical interest only and far too 
limited in extent to offer hope of profitable cstploitation. Reference 
has already been made under Copper to the lead one deposits of 
the Dl^dka neighbourhood* in Manbhum* Bihar, but prospecting 
opemtiems in 1904 and 1905 proved them to be but sporadic and 
sujTerficial and no continuous lode was found. A re-examination 
by A_. K. Dcy in 1934-^5 confirmed this conclusion. On many 
occ^ions after 1850 until the early years of the present century, 
various deposits sciatcered across Bihar were opened up by syndi¬ 
cates and companies without any success. * It b pwhaps possible 
that in some cases the capital avaiJablc was too limited/ writes 
J. ^ Dunn* * but the author is of the opinion that failure was 
entirely due to the absence of amy deposits of reasonable size,* A 
thorough trial of a deposit at Beldi, in Manbhumr \^a3 made by 
Messrs h-fackinaon Mackjcnzie & Co. in 1904-5, The ore obtained 
Was raried to Howrah and smelted in a small furnace at Shalimar^ 
but after yidding gi | tons of lea^ 4,716 oz* of silver and 86 grains 
of gold, the deposit petered out in depth. In the absence of new 
discoveries, therefore^ lead mining is unlikely to be establbhed in 
Bihar, and unfortunately, the outlook in most of the other States 
1*, at praent, equally unpromising; many of the known deposits 
have been re-examined in recent years and the reports on them have 
concluded monotonously with the words " of no economic valuc^. 
During 1951-2 lumps of galena were found m a field at Mccri 
some “35 niiles north-^w'est of BcUary in Mysore by workmen engaged 
in the coliection of jtanAdr, The ocduirenoe was opened to a depth 
of 15 feet and about 15 tons of galcma, assaying 82- 53 lead, 

12*77 per sulphur and 2-71 oe. silver/were recovered, but 
no vein had been met with when proapccting was abandoned 
Owing to lack of funds. Of extra-peninsular occurrences, E. R+ 
considered that the galena-bearing lod^ of Rnlu area and 
p^cularly ihose near Jhari, Saugihan, Uchieh, and Khanor 
Khud, which in some cases alio carry copper ^ >veU as 

gold and silver values, are deserving of detailed investigation. He 
alw nt^Uons the galena occtirrenccs of the Great Lintettone of 
Kiaat, in southern Kashmir, and states that, though they have been 
explored, the results wiere not available, except for t -5 tons of galena 
repOTted to have been produced in Kistwar In the district of Doda, 
himr. Full details of all the known lead ore localities are 
obu^ble from the published summaries of the mineral resources 
of the various States and from the Dlrecte/j of tiu Etanimv 
of Faktitm (1950). 
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In tht Ancient initteE of ZawaT) UcLupur, RAjuthEn^ reopened 
by the Geological Survey of India during the last war, there is aa 
cxcqjtion to this depressing record, for here mixed ores of lead and 
zinc art being won bjr the Metal Corporation of India Ltd who, 
since 1943, have raised 30,978 tons of ore and smehed them at their 
Tundoo works, on the Jharia coalfield, for a return of 1,464. tons 
of 99* 9 per cent lead, valued at Rs 17,88,734. For the year 1951, 
a further 859 tons of metallic lead, valued at Rs 13,00,000, have 
to be added 10 this total. A description of the is to be found 
under Zdc. 

VVith this introduction, the story of the lead, silver and zinc 
u^ustries of the former Indian Empire centres entirely around the 
history of the discovery of the great ore i^poslt of Bawdwin, in the 
Shan States of and of the expansion of mixiin^ and metal¬ 

lurgies wtcrprisc then?. This mine, unique of its kind in the worlds 
was originally opened by the Chinese, perhaps in the early part of 
the fourteenth century^ and it supplied large quantities of silver 
to their exchequer until its abandonment in 3se middle of the nine¬ 
teenth century, on account of dexp drainage difBculties and the 
outbreak of the Mohaimnedan revolt in Yuniian, The vast heaps 
of rich lead slags, left aftCT the silver had been extracted from the 
ores^ attracted attention in the early days of the present century, 
and from 1909 onwards yielded large toiina^ of metallic lead 
until th^ were exhausted. European exploitation dates from 1902^ 
but, as Is so often the case, the early vcntm» were not encourag¬ 
ing, until exploration below the level of the old workings resulted 
in the discovery of the Chinaman orebody in 191a- In tpig, the 
Burma Mm^ Ltd acquired by the Burma Corporation 
Ltd, which had its headquarters in Rangoon. The capital of 
the Co^radon was Rs r8,Oo,t>D,ooo, in & 10 shares, of which 
were issued, and in May 1935 the capita] was 
changed to Rs zSp00,O0jOOO divided mto 3,00,00,000 shares of 
Rs 9 each. 

In the neighbourhood of Bawd win, a series of rhyolitic tulfrj, 
Uva no^ and breccias, iviih coarse felspathic gritx^ of early 
Palaeozoic age, has been intensely crushed and disturbed by over- 
thnist faulting^ Within this shear zone, iudmatcly connected with 
the faulting, lies a well-marked ore chaimdi at least 8pOOO feet long 
and 4M to 500 fret wide, and within this ore cluuuid again, so far 
as It has been devebped, three major orebodies, once tmitecL but 
now separated by post-mineralization cross^fruiltiDg, have been 
found. They are of approximately equal length, with the China¬ 
man orebody in the centre^ the Shan lode, from which it was tom 
and thmwn approximately yoo feet to the south-west by the Yunnan 
fault, lies to the north, while the Maingtha lode, at its other end, 
has been moved 1,^200 feet to the south-east by the Hscnwi faulL 
The ores themselves have becu deposited from $qluUons which, 
there is some reason to suppose, originated from a deep imdcrlying 


15® THE NON-FEanOUS liETAl.1 

granite magma and, finding csisy passage through the shear planes 
of the intcnacly crushed overthrust Tone, metasomaticaUy replaced 
the minerals of the congenial rhyolitic tuf&. Tlic typical ore is 
a ^c-graiiicd, intimate mixture of galena and sphalerite with chai* 
copyritc in places] it is frequently banded and often shows si^ 
of crushing. The rarer ore mmeraJs include pyrite, arscuopyritc, 
loUingite^ gersdorffite;^ cubanite^ tetrahedritej bournonitet b^uian- 
gerite and pytargyritc. In the shallow oxidation Tone^ near the 
(urfaccj ccrussite^ anglesitc, pyromorphitc, melaconite, chalcocite, 
native copper^ malachite^ azurite^ calamine;, massicot^ goslarite and 
brochantitc have been found. The centr^ nicbody-—the China¬ 
man—is a huge, lenticular replacement, averaging about 50 feet 
m width with a maximum of some 140 Icct of solid l&d-iinc sul¬ 
phides. It has been developed for over 1,000 feet and to a depth 
of more than i ,aoo feet, where the mineralised zone ceases at the 
base of the rhyolitic The Shan lode averages about 20 feet 

in thictness and is characterized by its high copper valued at certain 
Icvdb- The Mamgtha lode, discovered in igizqp is also about 30 
fwt thick, and whilst its upper portion above No. 6 level is Icad- 
zinc-copper ore, similar to that of the Chinaman orcbody but wilh 
lead and zinc values lower and copper values higher, and about 
the same silver ratio, below that horizon copper ore ia found with 
very littk lead or zinc, but with profitable ^'alues of nickel and 
cobalt, apparendy in a definiie ratio of nickel 2: cobalt !, though 
even here, the silver ratio remains the same as in the rest of the ore. 
To the north of the BawdvrLn fault (the most important of the pre- 
mincraiization dlsturbancrs of the area), and some 2,000 feet from 
It, there is a flat-dipping vein of chaJeopyriie in rhyolite, known as 
the Chin lode. 

The major axis of the orcbody as a ivholc has a general pitch 
to the north. In the Chinaman and Shan lodes the dip is high 
to the west with a tendency to turn over in the iowex levels, whereas 
in the Maingtha section it is to the east. For the most’pan the 
hanging wall is wcU-ddincd and rc^lar, but the foot wall is ill- 
dcfrncd with no clean boundary : miacralizatioii becomes sparser 
in this direction and often continues considerable distances before 
barren rock is reached. As the values gradually decrease, the 
mining limit of the stopei Is arbitrarily Hxed by what k considered 
to be payable ore at the time. For some years U was defined as 
ore coniaimng not less than ao per cent combined lead and zinc, 
and, if lowered, will add eonsidembly to the reserves of low-grade 
ore. On both slices of the soLid ore-core, but mcire general^ to¬ 
wards the cast, thm parallel bands of ore occur in the mineralized 
tuffit of the ore chajmcl, but these branch veins unite^ as a rule, 
with the solid ore in depth. In the following table the changes in 
the diitribution of the silver, lead, zinc and copper contents of the 
three main orcbodies arc shown as their depth from the surface 
tnereases. 
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ASSAY VALUES BAWBHTN ORES AT VA31IOUS DEPTHS 


OmxAouy ayu 

Lzycl 

&U.VESi 

ox. 

L£ad 

% 

Zme 

% 

% 

Silver Ratio 

lo Lrad 

Id All 
M^aiA 

ChinamaA No, 2 
„ No. 4 

„ No. 6 

Nit. 9 

10-4 

31 7 
23-0 

241 

31-8 

aa-i 

30^0 

ai*| 

14-3 

91 

0- 10 
0-70 

0-30 

1 .,(*34 
1-1-03 
1-1-22 

I -138 

i - 2-33 

] - 1-7* 

1 * 1*85 

1 - 2-33 

Maixiflha No. 4 
» Na. 4 

li & 

No. 9 

* 3'3 
iS '3 

13-9 

50 

134 

24^0 

17-4 

7-3 

11-4 

13^7 

4 

14 

1*33 

3-50 

1 IT t - 16 

t - 1-31 

1 - 

I - 3 - 08 
t * 1 +85 
t -a -44 

Shan No. 3 

„ no. o 

ft No, 9 

*3 3 
33-7 

19 -f 
ai-3 

24-S 
14-8 
31-0 1 

30 3 

6 3 

IO’2 

IS-1 
10-0 

0-70 

8-20 

2-30 

0‘35 j 

1-1-85 

1 - Q*Sz 

1 ^ i* to 

1 ^ 1*43 

1 - 2-4T 

] - t-^ 

X - 

t - 1+90 


‘ For all pracdcaL purposes/ wrote E, L. G. Cl^gg, a former 
Director of the Geol<^cal Survey of lodiap * the mine ii now fuUy 
developed. In depth the minci^izcd zone ceases at the base of 
the Ba\^'dwin rhyolite series^^ as was originally prcdieicd by Coggin 
BrowrVi^ 

The main way into the mine is by Tiger Tutineh 7,350 fee t long^ 
653 feet below the zero level at Bawdwin and comcapotiding to the 
sixth level of the mine* It is masonry-lined, double-tracked from 
the portal to Marmion*^s shaft and is the chief haulage and drainage 
level; all ore, as mined^ is raised or lowered to it^ to be trammed 
out by electric locomotives to the storage bins at Tiger Camp. 
Marmion's shaft is sunk from the surface at Bawdwin, through the 
country rock on the west of the Shan orebody, and [5 1,741 feet 
deep^ with 14 levels at interv^ of 120 to 150 feet* 

The mine is connected with the smelter at Nam Tu, t3 mUcs 
distant, and with the Burma Railways at Nam Yao, 547 miles Irom 
Rangoon, by the Corporation^^ own railway^ 45 mites in lengths 
The milling and dotation plant had a capacity of Boo to 1,000 
tons per day^ and there were five bhat furnaces with their attached 
roasters, as well as the refinery m which the silver was separated 
from the lead. Hydro-electric power was obtained from the Cor¬ 
poration's plant at the Mansam falls on the Nam Yao river. 

In the followiiig table the total quantity of lisad cjctracted from 
the Baw'dwin ores in Burma, from the coniinciicciiient of operations 
in 1909 up to the end of 1941, is shown« 

ThcK figures iuclude antlmonial icadj the average annual 
production of wdiich for 1934-0 was 1,269 The highest 

annual production was attained in 1929, with 80,233 tons of 
metallic lead. 
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PRQDUCTCQN OF LEAD AT HAM TU, 


PUUOEI 

Total 

Stkhutco 

TwtfAOE 1 

Valui 

I 90 ^t 4 ,, 

igt^-ia .* 


45.550 

73 .£i 7 

639,505 

<.ra **345 

4^.7 (8 

5^7. *69 

Ml 6.635 

i 9 t 9-33 
1934^ .* 


161^904 

m * 7^5 

1929-33 .. 
1934 -* .. 


377*995 

374 p 7 ®o 

1939-41 


3 r 7 i 5 . 34 i* 

Total 

■I * 

I,a£ 1,654 uni 

£30pMapiS3 


• Value for 1941 ii mmatid. 


The following nitaw^ the ore potiidoa at the BawdwUi Mine 
&n I July 1939, die lust detailed figures avaibbLc to the authors; 
at that time me total one re^rv^ amounted to 3:»€ 10^03 tons cqri'^ 
raining 17* 7 o£. of silven, 33 per cent of lead, 13 per ccait of zinc 
and 0-9® per cent of copper. They also included approximately 
aSo^ooo tons of copper ore. In the year of the Japanese 

invasion^ the resen'es were 3d3<>it99 tons with 15^ ox* ofsilver^ 
19-5 per cent of leadj rx-1 per oeni of xinc and 0-84 per cent of 
copper* 


ORE POSITION AT THE RAWDYVEST MINE ON 1 JULY 1959 





Avulage Assay V.aluu 



Tofo 

Sdver 

Lead 

% 

Zinc 

% 

Copper 

% 

ChicuunAn Orebody 
Shan, etc., hoda 
MaLngtha Lode 

Chia Lfxlc «« 

** 

3^54,1170 

^i-i 

*7 S 

13-0 

1-9 

ac-o 

at'S 

]6-1 
10-7 
90 
& 3 

0-40 

I 97 
8-41 

Total {Piwed & 

bable} 

EOfmsge * 

Pn> 

■ w 


19-1 
«'9 

aa-7 

13 3 

j 

105 

nil 

EiraAcrrEo 

m a 

Ti,aj6,ie7 

7 j 668 ;y 23 

iB-9 

19-4 

as-3 

15-6 

•I'S 

J-Q2 

1-07 

Rjau.ii’r ETC Ms^tm 

Ore Slocks 

m * 

a a 

3>eo7^ 

17-7 
14'I 

a^'O 

19'a 

I5‘8 

10-5 

0-93 

0^65 

Total Oxx Resuvxs 

- • 

3,6 [(VBci 9 

17-7 

33-0 

13-8 

a'92 


* Exa=m KQmasc k Irace cooiplctcd ilDfKS. 
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Disturbed condLUons in Burma follnwing the war have hindered 
the large-scale resamption of base metal production at Nam Tu, 
but towards the end of T94& it became possible to dispatch fuel 
supplies there agalu^ and whh them lo commence smelling accuin- 
uiated ore stocks and to send the finished inr inil to Rangoon Ibc 
sale. TTie production in 194S was 264 tons of Jead;^ which increased 
to 846 tons in 1949. It was stated in November 1951 that no fore¬ 
cast could be made as to when production fi-oin newly mined ore 
could be restarted^ as this depended on security conditions tn 
Burma and on the restoration of adequate, through, railway trafhc 
between Rangoon and Nam Tij+ At the same time the sale of the 
midcetaking was announced 10 a new Company, to be known as 
Burma Corporatioii (1951) Ltd, in exchange for 31159,730 fuUy 
I^d shares of Rs 10 each in that concern. The Governmeiit of 
the Umon of Burma have also agreed to subscribe by mstalments 
in aljiar, for 3.159,730 shares of Rs 10 each, Ui the capilai 
of Burma Oorporation (195^) Ltd, thus obtaining an equal parti¬ 
cipation in that Company, ft can only be hoped that by this 
me^ ihc whole industry will be rehahiiitaicd and brought once 
^n to ita^fuU productive capacity and. further, that the associa¬ 
tion of the State with it will soon lead to the development of similar 
mineral deposits in other pans of the Union. 

I^ing the year ended 30 June 1 953, the available labour foree 
was mcreajcd^ from 497 to 1^058 men, employed wlely on repairs 
and p^paration for the resumption of mining, the initia]; target 
being 8,000 tom of ore per month, for which a force of i,6oO is 
required. RehabiLtatJon of the Man-sang Falls hydro-electric 
pww sanon was m progress, and during the year sales of products 
obtain^ ftom the processing of surface stocits amounted to 4,798 
tons of refined Imd, 331.670 oz. of refined silver and i.a'ti lom 
of othCT pi^ucu. The remaining jurfece stodis were estimated, 
to yield Utimatdy 1,400 tons of refined lead, i8o,ooo oi. of refined 
iliver and ^mc quantity of other products. 

A s^ll indigCTom le^ indusiry esisted in Mawson, one of the 
^□r States in the Myclat division of the Southem Shan States, 
™ the fourtewth century until it was exiinguirited on the annexa¬ 
tion of Lipper Burma by the British, in 1886. Sevcial more or less 
pandiel ^bearing i^cs occur in the local PUtcan Umestonc. 
and in oldw roots of Orfoincuin age. which are traceable fay means 

^ oi« mainiy^m clay-filled ci^ and fissures in the limestones. 

ttploration has, up ,0 the present time, only 
succeed in locati^ two small orebodies. One of dicse was 
d^loped at Bawaaing by a Eumpean company, where the pni- 
^le ^ ‘930 were stated to be 185^^ 

LT’ T ^ ‘3 of silver. Tbe^ne 

v« ,? that j-car and has not been reopened. For the five 
>eais ending 1928 a total of 25440 tons of^ ore and slags. 
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valued at were prtiduced m the Southern Shan Staia, 

compared with 434 tons for the previous period of cf|iiai duration. 
During the years 1935 to 1937, 9,543 tons of aneient lead slags were 
Collected and export^* 

The amoujiit of lead im^ricd annually into Tn dia Lj normally 
between 7,500 and S,ooo tons, but for the three ycais 1549 ^95* 

the annual average increased to 10,004 tons, valued at Rs i ^6 crora 
approxima lely. 

ZINC 

Ancient zunc mines, reputed to have been discovered in the 
fourteenth century and to have been closed during the great famine 
of exist near Zawar, 15 miles due south of Udaipur, Rajas¬ 

than. The old workings all lie within a radius of 3 miles of Zawar; 
the principal ones, according to A. M. Heron, sireichlng for about 
three-quarten of a milef. to ifbrm a vast DpenK^ast in brecciated lime^ 
■tone of Aravalli age, averaging So feet in width and 40 feet in 
depth, with irregular, caveraous excavations of unknown extent 
in its bottom. No traces of the ore-bearing mmerals were vjstble 
at the surface, but the clinker which stUl foM the old retorts from 
which the ore was distilled, and which are still to be found in count¬ 
less numbers in the vicinity* contabu^ varying quantities of zme 
and lead. 

During the last war, owing to the shortage of lead and zinc in 
India as a result of the loss of Burma, the Government decided to 
reopen the Zawar mines under the dhecljon of the CeologlcaJ 
Survey of India* and five adits vrere driven into selected sites in the 
Mochia Magra ridge, bnt, ^ it became evident that no supplies of 
lead or zinc could be obtained from this source during the war, 
the Government sold back the mining rights ro the Mewar State 
for about one quarter the cost of the development work. In iq45, 
thc_ State leased the area to the Metal Corporation of India Ltd* 
which by the end of *950 had raised 31,81 ^ tons of orti From this* 
4*358 tons of hand-drmed lad concentrates were obtained, railed 
to tte Corporation's works at Tundoo, near Kaurasgarh* in the 
Jharia coalfield of Bihar^ and smelted for a return of 1*464 tons of 
^■9 per ^ent lead* valued at Rs 17,88,734. A flotation plant was 
installed in May 1950 which separated 655 tons of zinc concen¬ 
trates during the year* atiai^'sing 48-76 per t^nl rinc, 4*23 per 
cent lead and 0^21 per cent cadmium^ The zinc concentrates ate 
shipped abroad for rcductinn, on the understanding that half their 
metallic cont^ts are returned to India. It Is the present aim of 
the Corporation to crush 175 mine ore daily* and 

this is estimated to yield some 15 tons of lead conoentrates and ^5 
to 30 tons of zinc concentraics per dierm 

During the year 1951* the output of zinc concentrates from the 
fiotation plant was increased to 2,110 tons^ averaging zinc 49*85 
per cent, lead 5* to per cent and sulphur 28*7 per cent. At the 
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same tune t, 7S3 tons of lead concejitrates were produced* averaging 
lead 72 • 5 and sine 7 *04 per cent as far as the notation product was 
concerned^ but this tonnage also Included a quantity' of hand- 
dressed lead Concentrate assaying lead 45' 4 & and tint 12’14 per 
cent, as distinct from the dotation produce. The smeJicr at Katras- 
garh created Ij 770 tons of lead concentrates for a return of 859 tons 
of metallic lead, valued at Rs 15 iakks. Of the zinc concentrates 
1^965 tons, valued at Es 6,50,000 (cJ.£ desdnatjon)^ were exported 
for treatment. Plans are in hand to increase the miL! throughput 
to 500 tons daily. The principal ores are ainc blende and galena^ 
associated with pyrite and some other auLphidesp as dlssonlnations 
and replacement bodies in dolomitic Jimi^tones* inierbedded with 
phylLites and quarlzites in a pitching overfbid# In the existing 
workings at Mochia Magra^ which occupy but a tmalL portion of 
the mineralized zone, D. Kcrr-Gros3j In March 1949, estimated a 
reserve of 442,0™ tons of ore, averaging z z ^58 per cent lead and 
10*51 per cent adne, within a depth of 50 feet, over a width of 120 
inches for a length of 1,329 feet. The mineralization appears to be 
extcnaive beyond these limits. The mineralized zone found later b 
said to be from 85 to 100 feet in width and^ according to B. Srikantan 
and M. R. Subramajiyam^ it extends downwards beyond a depth 
of 130 feet below the level of the 6th adit. At the end of 1951^ the 
ore reserves were stated to be of the order of 700^000 tons with lead 
5 ■ 25 per cent ajid zinc 7 -25 per cent» with 2 million tons of second- 
grade ore assaying lead 1 -9 per cent and zinc 3*8 per cent and a 
prot^ble resefve of 8 mdljon com of low'-grade material containing 
a minimum of 3 per cent metaL Geolcgical research has already 
shown that the loeks in which the orebodies occur may be expected 
to continue downwards to considerable depths without much 
change, and as the minemlization has taken place through a seri« 
of cleavage planes, formed in the course of widespread regionai 
metamorphism* there is no theoretical reasem why ii should die out 
in depth though the character of the minerals In the lodes them¬ 
selves may ch^ge gradually. The area mined by the ancients was 
much more extensive than the small section 50 far developed, and 
until the ridge running south from the old city of Zawar, the hills 
about Zamarmala, the hilb known as Sonria aud Rupria west of 
the Tfri river, as well as Balria Hill esAt of that river, have been 
fully examined, the full posslbilides of the db&ict cannot be said 
to be known. 

The zinc one deposits in dolomite at Darabi, Jammu, 
Kashmir^ contain but meagre reserves of a few thousand ions of 
blende^ while little b yel known of the deposits near TipUn in 
Nepal. 

"^e Burma Corporation Ltd used to produce large quantities 
of zinc concentrates from its milling plant at Nam Tu. It has been 
stated under Leaoi that the ores of the Hawdwin n-iin.#* intimate 
iniergTowths of argentiferous galena and zinc blende with small 
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quantid<;s of chalcopyrlic, and the reserves of ore still known to be 
m the mine m 1941, amounting to no less than tons^ are 

estimated to contain 1 ^ -1 per cent of zinc. As the table shows, 
a total of 983*3163 tom of zinc coneentrates^ averaging^ over 30 per 
cent of zinc and valued at 3C4i®53>97** produced betts ecn 

1914 and 1940^ Regarding the dismbuticm of the zinc contents 
in the Chinaman orebody at Bawdwin, while the values remained 
fairly constant around ^20^5 per cent zinc, down to and including 
No. 4 level* with some tendency for them to prcdomiriatc over the 
Lead content on the foot walh below this horizon the zinc values 
of tite mixed sulphides exhibit a progressive decrease from level to 
level, until they form only 9-1 per cent of the ore at the boitom 
of the mine. 

In the foLLowing table the total quantities of zinc concentrates 
produced or exported by the Burma Corporation Ltd arc arranged 
in periods of yean. 


ZJNC concentrates, produced QR exported^ 1914-40 


Period 

Total 

SruujNa 

To?r!^AOE 

Vacue 


11,974 

54^98 

3DO»7oa 

*7.*74 

igjwat 

i!J»435 

‘0a4^t .» 

1,681,737 

i934’*l 

173426 

358,531 

t,ei7»,533 

*4a7p!i34 

339,778 

J939-40!} 


Total 

W _fc,T___ 

93s,«)e5 lam 

£4,853.97« 


t Eaeparto. i Ftoductbii. J Two yt«i CMiIfi 

Tfaot eonemtnta tv^mged about 51 ptf cmi zinc, 6 per eoir tjui 9 k 
Jihn=r» 


The peak year of ou tput was in 1935 when 78,590 tons* valued 
37*9^35®, GC284,95 i)* were produced, although the 73,55^ 
tons turn’M out in 1937 had a considerably higher value, the actual 
hguna being Rs 54,40421 (£408,031), There have been times in 
the history of the mine when the production of zinc concentrated 
became unproEtable, owing to the low prices ruling for spdtcr* 
and was continued only because of contractual obligaiiozis and of 
the spread it afforded for transport and hxed charges. 

These zinc concentrates were shipped almost entiiely to Belgium 
until 1939, though Germany also received a share of them. I^ter* 
they were tramferred to Australia until the Japanese aimits overran 
Burma. A propo^ to smelt the concentrates at Jamshedpur^ 
and to recover their sulphur contents in the form of sulphuric acid, 
was abandoned some years ago, though it would have been of great 
advantage to the development of Indians chemical And mctallurgicai 
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induscrica at the time and ii worth the serious consideration of both 
countries in the fature- Another proE^osai to recover metaliic zinc 
in the ToungDO district of Biinna, by means of hydro-electric power 
generated on the Yimxalln rhrer^ shared the same fate. 

India consumes Large quantiiies of zinc, particularly for the 
maniifactuie of brass and other alLoys^ and for the galvamzmg of 
corrugated steel sheets and numerous other iron and steel producis. 
The metal ia aJso used alone as the cy Itader oontamer of dry batteri^ 
for dectric torches and for many iorms of ztnc dle*castings» The 
oxide of the metal is a valuable pigment In the paint and colour 
tmdep the sulphide h a constituent of Uthoponei and there are 
many other important induiixial applications of various ainc com¬ 
pounds. The imports of metallic zinc alone into India have in¬ 
creased threefold in the past iifteen years^ and now exceed 
33,000 tons per ammim Thus, in tg50j they totalled 
and cost Rs while the average for the three years ^94$ 

to 1951 was ^19,080 tons, valued at Rs 5^09 croi^. The revival 
of Rajasthanis ancient zinc mining and smelting industry is thus 
a matter of urgent national consequence worthy of all the en¬ 
couragement and assistance that the Republic can supply. The 
first ajctlon needed is further intetisivc development of the Zawar 
deposits, for until much larger reserves of the better grades of ore 
arc proved than those known at the end of 1951 ^ plans for the 
SEabiisbmcjit of a zinc reduction plant in India, entirely dependent 
on the supply of such ores, can only be regarded as premature^ 

TIN 

The oxide of tin, cassiterite, has been found at a number of 
places In the Hazarlbagh, Ranchi and Gaya dlstrida of Bihar, but 
none of the occurrences appear to possw economic importance^ 
though as long ago as TB49 ttn ore was being smelted In village iron 
furnaces at Piirgo, Cn the PalganJ estate near Parasimth. Accord¬ 
ing to Sir Lewis Fermor, there is here a thin layer of cassiterite 
granuLite, up to 6 mchm thick and containing 30 to 50 per emit 
of the tin ore, in a much thicker band of microcline grauiie whicli 
itself ooutains scattered grains of cassiterite. Maliet described am 
attempt made about 1867 to w'ork this deposit and statm that the 
ore fomn^ three or four tenticular beds in gneiss^ seldom more 
than a foot or two across^ but in places reaching a width of 13 Feet, 
The lateral extension was about 60 feet, nearly parallel to the 
foliation of the gneiss. The beds were followed to a depth of some 
60 feet* in an inclined shaft, before work was stopp^ by decreasing 
values Md flooding. Another venture was made in tSgr-^, when 
an indJned shaft was sunk on the ore band to a depth of 614 fect^ 
but below 56S feet the ore band had disappeared. It had ranged 
in thickness from 6 to 18 inchea and a sample from a full section of 
the working, consisting of 15 inches of ore band and the remainder 
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wall rock with dis^minatcd tinstonf!^ yielded t '@7 per cent df tin. 
Other tamples assayed a m to 6' it per cent df the metal. The mine 
was cventti^y abandoned ihjough lack of funds^ The cceummcc 
w^ examined again in 1909-tD and the surface pcrtJqn worked 
with the production of 6 owt of tin, in the two yeara 1^00 and t^io; 
a further J4 cwt w'tre made in it)t 5 . The prospects of reopening 
thii tin mine arc not encouraging. The other three octurrenccs 
of cassiteritc in Ha^aribagh are of scientific interest only: a few 
crystals have been found in a lens of granite enclosed in mica 
sciusts ai Simratanrit small grains occur in a dyke of IcpidoUte 
granite at Fibra and^ againp in a granubte at Chappatand. The 
mineral has also been reported from a pegmatite mtrusive into 
granuUtCi near SLIlip Ranchi district; firoin Dhanras PahaTi in the 
Deo Raj estate of Caya district, and in a vein associated with wol‘' 
Tram, a few miles north of Chhakarbatid m the same district^ where 
It is said to be present to the extent of i * 5 pw cent- Recently 
there has been an output of 7 ions of cassiteTitc from pegmatite 
in the hills to the north of Fah^ingh in Ranchi district. Outside 
Bihar^ CBSsitcrltc has been found, but again only in insIgnMcaiu 
amounts^ in a tourmaline pegmatite at HosainpiiTi Palanpur, 
Bombay^ where it is associated w'ith gadolinite, a silicate of ber>'U' 
ium^ yttrium and iron, and in alluvial deposits of streams draining 
the nortbem part of the Kapatgod range, near Elamhal, Dharwar, 
Eomhay. There are no recorded instances of the occurrence of 
tin ore in Pakistan. 

The earliest reference 10 the occurrence of tin in Burma was 
made by Ralph Fitch in 1599, tvho remarked that on bis joumey 
from Pegu to Malacca, he parsed by * many of the ports of Pegu* 
as Martauan [Martaban] and the Hand of Tarn (Tavoy]* from 
whence commeth grrat store of tmne, which scrueth all India % 
The otBiteriie dep™t5 of Burma have indeed been worked from 
a remote antiquity* especially in the lower part of the Tenasscrim 
division. The gn^tic mountain ranges of Lower Burma arc but 
the northern continuation of the same rocks which have yielded 
the rich tin ore deposits of Malaya and of wtetem Thailand. 
The region in iwhich the Burmese ores occur corresponds with that 
described in the case of TuNomN, for wolfram and cassicerite are 
most intimaedy associated and of identical origin. 

The tin- and wolfram-bearing localities of the Mergui district* 
in the extreme south, lie in the Palaw and Palaufc, the McT3:ui and 
Tcftasserbn and the Bokpyin and Victoria Point townships, of the 
north, central and southern porUons tespcctively. The tin mines 

situated principally on the mainland, in two parallel mmer^- 
ized zones, but another belt tra^'crscs Lamp! and adjoining tslandi 
in the Mcigui archipelago. The ore zones are more or less parallel 
to, and genetically connected with, the granitic intnisiona, and 
generally lie at or near their junctions with the sedimentary' rocks 
of the Mergui Series. The tin ore occurs as a coiutltuent of 


TIN 


169 

decomposed granite and greisen, associated with lourmaline and 
muscoviici m quartz veiiiSj tip to ten feet thick, with wolfram and 
one or mere members of a suLphtde suitc.of min^^aJs ; and in narrow 
quartz wmlecs and sinners forming stoekworks in rocks of the 
Mergui Series. Surface ore^ieposits of both eluvial and alluvial 
origin axe common, but while wolfram and cassitcritc occur in the 
former, the tin ore is found alone in the latter, as it is i^aistant to 
the processes of disintegration and decay which remove the wolfram 
before it reaches the true water-sorted ailuvials. All the known 
occurrences were Lbted by the late Rao Bahadur Sctu Rama Rao 
in 1930, who also indicated the more promising areas which then 
remaint^ to be prospected* By 1939, there were separate 
mines pnoducinK tin ore in the MerguL district, in addition to 34 
which were yielding mixed tin and woUmm conoentrates. The 
vast majority of them were small Chincsc-lrased concessions from 
which a few tons of ore were won by ground sluicing in the rainy 
season, and only 9 of the whole total gave over 50 ions per annum. 
TTic more important areas Lay around Palaw, Yamon, Theindaw, 
Thabawleik, Khcchaung and Xarathuri* Before the occupation 
of Burma by the Japanese in 1942^ modem tin dredging was carried 
on by the Tavoy Tin t>redging Co^ Ltd at Theindaw, from 1936; 
the Thabawleik Tin Dredging Co* Ltd at Thabawlrik, from 1938; 
the Lenya Mlmng Co. Ltd at Yetnon, from 1939^ and the Tavoy 
Tin Dredging Go. Ltd at Xaraihuri, from ig>3&. The Thabawleik 
dredge alone had already^ at times, produced over 600 tons of con¬ 
centrates per annum; after the war it commenced operating again 
in 1947^ The tabulation of tin ore statistics was commenced by 
the Geological Sur^^cy of India in 1898, and from that time until 
the end of 1939 the Mergui district had given a total of 33,311 Cons 
of tin ore, averaging about 72 per cent of tin* In addition to this, 
between the years 1910 and 1922, 1,187 tons of metallic tin were 
made in sm^J Chinese fumaets and exported. The maximum 
annual output was reached in 1939^ when 2,017 concen¬ 

trates were won. 

North of Mergut lies the Tavoy district where geological condi- 
dons arc much the same as those prevailing in Mergui. Granite 
intruded into a series of sedimentary rocks forms the cores of its 
mountain ranges; quartz veins and pegmatites carrying wolfram 
and cassiierite and more rarely molybdenite, bismuthinite and 
bismuth, together with a large variety of sulphides, cut through 
them both. These nunerals occur also in the eJuvud deposits of 
the hill slopes, where ore-bearing veins are undergoing degr^ation, 
and m the coarse, unsorted debris at the heads of the flatter valleys. 
Cassitente is found too in the water-sorted alluvial deposits, the 
gravels and sands of the lower portions of the streains, both of 
Recent and sub-Recent ages. Though T^voy is primarily a 
wolfram-producing district, there are places within its densely 
forested 5,308 square miles which are richer in cassiterite than 
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Others^ and it is from these and jroqi the gradual eaiension of dre^' 
ing operations that increased production has been and vriJl be 
obtained* The Ta^'oy Tin Dredging Co. Ltd, the earlier activities 
of which were briefly outlined in the second edition of this book, 
continued later to operate three dredges in the Taungthonlon area 
where there are w'ide placer deposits, old river tcrraices and shallow 
leads of earlier stream channels containing tinstone. Another 
dredge of the same concern worked in the tideway of the Heinze 
Basin, on the northern coast of the district, and in 1939 won 571 
tons of concentrates from the sea bed. Following the Japanoe 
evacuation, two of iu dredges in Tavoy and one in Mergui had 
been reconstructed by 194.9, On the Bats to the south of the Heinze 
Basin, the dredge of the Heinze Burma Tin Co. Ltd was installed, 
while yet another was recovering the tin om from the alluvial 
deposits of the Khamaunghla valley. 

Amongst importajii mines producing mixed concentrates were 
Hermyingyi, where over 60 difTcreni veins have been exploited; 
Kanbauk, with an im^rtant vein series and thick detriud and 
alluvia] deposits of considerable extent; and Hpolon Taung, where 
the Angio-Burma Tin Co. Ltd works rich horizons occurring in 
unusually thick depuits of sands, gravels and bouldcn, by hydraulic 
methods. In addition to these and other properties, well equipped 
with pUnt both for vein and hydraulic nuning, there arc in Tavoy 
many areas still worked by ancestral Chinese methods. The 
Tavoy field will always remain predominantly a wolham-pfoduetng 
on*: thus, of a total of 303 conoessions in 1939, 93 yielded woUram, 
76 gave mixed concentrates and 34 tin ore. Between the yean 
1B98 and 1939, the tin ore production of die Tavoy district was 
43,349 tons, the maximum annual total being 3,360 tons In 1939, 
During the years 1913 and 1913, laS tons of metallic tin were also 
exported from the district, 

Small quantities of tin ore have also been won, since 1916, in 
the Amhent and Thaion districts, and in the Yamcthin district of 
Upper Burma, since 1936, the total outputs recorded beiiw 6tS, 
3&1 md 1(8 tons, respectively. The geological surveys of these 
districts have not been completed, but metamorphic aureoles are 
known to exist around the intrusions of the local granites, of the 
same age as those of the Tavoy and Meigui districts further south, 
carrying tourmaline and veins of tounnaline micio-pcgmaiitc 
which in places bear quartz stringers with cassiterite. The occur* 
rences in Thaton lie at the ends of the vrolfram-bearing areas of 
Ae Zingyeik range. In Amhent, allusdal on: has been won on 
felugynn Island, at the mouth of the Salween river, and from 
both eastern and western flanks of the Seludaung range. The 
mouniamous tracts of both these large districts are covered with 
dense forests and a« very inaccessible, as there are no communica- 
tiOM exc^i prijmdvc ir^ks, away from tlie larger riven and their 
plains. Until they have been geologically mapped and prospected. 
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It h prcmiiturc to mJc dicm put as potential tin-mining regions of 
little value* in YafiiciJiiji loop the mine* lie tn the forested mount¬ 
ains along the steep scarps of the Shan plateau, mainly around 
Hmanpyataung^ and such rough tracl:? a* do exist ate due to the 
efforts of the mining community itseff This region borders the 
dry zone of Burnm^ and water tor mining and concentration pur^^ 
pfscs is often diihcult to obtain* 

The Output of the Southern Shan States is derived almost entirely 
from the important Mawchi mine in Karennij where biptitc granite 
ha* invaded a series of clay slates^ ffne-grained sandstones and grit*^ 
calcareous mudstones and limestone** The vems^ about 64 of 
w^tuch are known, arc mainly under 4 feet in width, productive 
in both gramte and sedimentary rocks^ and composed of ejuartz 
-with f:as3LterLiei wolframp schceiite, tounmlinc, pyrite* arsenopyritej 
and a little chalcopyrlic and g^cna. Outcropping on. a steep 
mQuntainside they have been developed by adits at varying eleva¬ 
tions* A sdf-acting ropeway^ o^-cr a mile long, connects the mine 
with the mill i>339 feet below, and with a capacity of 160,000 lona 
of ore per anniun. A road^ some 80 mile* In length* corLStmctcd 
by Mawchi Mints Ltd, txmnect* with the Buima Railways at 
Toungoo- The ore reserves at the end of 1938 were 712,540 tons 
carry^ing 3-oa per cent mixed conccntratca which in that year 
assayed 38-39 per cent tin and 32^20 per cent woHram. The total 
recorded output be £ ween 1904 and 1939, inclush'c, waa 24,991 
ton* of tin concentrates. Frospecting licenses w'cre held over three 
™re areas in Karenni. The post-war deyelopmcnt of this catcep- 
tionaily good mineral deposit has been prevented by armed conflict 
between the Burmese and Karen peoples. When these cease, 
granted the benefits of a sympathetic administration, the future of 
Mawchi is assured, and it will make once more its large and valuable 
contribution to the tin and tungsten mining Industrie* of Burma 
for many year* to come. 

Production flgure* of Burmese tin ore commence In the period 
189^x903, with an averse annual output of 82 tons, and the neat 
period, 1904-8, registered little change with 83 ton* yearly. This 
rose to an annual averagt: of 124 over the quinquennium] 
thereafter the growth of the industry is apparent from 
the figures in the following table and from the graph on page ^72* 

No reliable stadsde* of production arc available for the post-war 
period imtil 19471 1,270 tons of tin concentrate* and 1,220 

ton* of mixed tin and wolliam concentrate* were produced. The 
corresponding figures for 1948 and i949r which we owe to the 
courtesy of Dr Ba Thi of the Burma Geological Department, were as 
follows-—Tin Concentrates 1,768 and i,t88 tons: ^^ixcd Concen¬ 
trates 2,122 and 1^469 tons. In 1950 and 1951 the output of tin 
ore was i^ifi and 1,295 of mixed dn and wolfram con¬ 

centrates 901 and 1,207 for the respective year*. The dis¬ 
turbed condition* in the dn mining area* since Burma became an 


TONS 












































































TIN 


173 


AVEHAGE annual output of tin concentrates in BURJ^ 
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umncrca ttie rehab Utation 
of Ihe mdustry and » late « Scp^mbor 195. ii was reported that 
nunmg was at a standstiJl m some districts. 

Between 1914 and 1939, the average annual value of the tin 
emcentrates p^ucf^ m Burma rose fh>m approximately Rs 7 
laths to over Rs 99 lakhs. During the same period, iQIi-'iq the 
average annt^ market price of metaUie tin ranged betw'«u i-, ,8 
(m 19^) and ^329 per ton (m 191S). In 1939 it was £2-26 per 
*349 closed with the price of li? around 
per toa, ami by the end of 1950 this had risen to /l.aoo per 
ton, ^ stockpile buying developed in the metal markets and short¬ 
ages mcrenscd due to large^«:ale purchases by Governments and 
private consumers in excess of their nonnal requirements. 

In the wly years of the present century India's imports of 
unuTought tin in the form of blocks, ingots, bars and slabsTaveragcd 
^ot 1,500 pCT amium. The chmi^ since then up to 1943 
^ shown in the tabic, and later Bguics are of little use as guides 
to noTD^ tunes, owing to disturb^ccs caused to the trade bv the 
war and itj aftermath. ^ 

AVERAGE annual E^RTS AND CONSUMPTION OF METALLIC 
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surfjLCCS, and the anti-frfciion and bearing alJoyij employed widely 
in all kmds of mackineiy'. For the five yeirs ending 1937^ the 
average annual imports of solder amounted to 258 ton*, valued at 
while chose of the anti-fi-iction uietab for the same 
period were 153 tons^ valued ai Rs 3*47,389. The Panel Com- 
mUtee was of the opinion that about 4^000 tons of tin in all lU 
forms would be consumed in India during the first five post-war 
years. The only dn produced in India at present is secondary 
metal, recovered in smLll quantities* together with the oxide, fi:om 
tin-plate scrap in the detinning plant of Messrs Montana Ltd, 
Bombay, which commenced operations in [942. In this coimexion 
it is as well to point out that the familiar " tins \ in which fotxl- 
stuRs of all kinds, tobacco, p^ts, petrol* paraifin and so forth, are 
packed, are mild slecl containers, coated with a thin layer of tin 
10 prescTTp^ them from rust, and that only about 11 per cent of the 
weight of an empty " tin can ^ is made of metallic tieu 

Of an average annual world production, during the five years 
1934“®^ of i 6[,[19 tons of tin* calculated in tEnru of the metal 
containi^ in the concentrated ore, Malaya with 33-5 per cent, 
Indonesia with Tfi-8, Thailand with 7^8 and Burma with 3-9 per 
cent* were together responsible for 61 per cent of the total. In 
addition to these countries, Bolivia add^ a further i per cent* 
China 6-3, Nigeria 4-9, the Belgian Congo 3-4 and Australia a-o 
per cent, with a number of other countries contributing smaller 
quantities sttlL 

With the excOTtton of Bolivia and China (in part), probably 
over 70 pw cent of the world's tin production was won from alluvial 
and dctrital deposits^ As regards Burma* where much tin ore ii 
a by-prodnet of wolfram mining, approximately 44 per cent of the 
1939 output came from true alluvial deposits, and of this 61 per 
cent w'as obtained by dredging and the remajndcr by gravel pump* 
ing and ground sluicing. ^ 

The established tin fields of the world arc today more^ than 
capable of meeting normal peace-time demands, indeed, before 
the second world war* international schemes of voluntary output 
restriction were applied to maintain a profitable price for the ore. 
In support of this policy the Government of Burma stopped the 
issue of prospecting licenses for tin ore for a period commencing 
in 1935- The later effects of the Japanese invasion and of the 
umeiiltd conditions foUowing it are too apparent to need comment. 
Under all these circumstances it is not surprising that Burmese tin 
mining show-s so little progress. The Government of Burma has 
sugg^ttd that the tm compames operating in Lower Burma should 
^mbme and ^ter into a jobt venture with the Government, but 
by the end of 1953 only exploratory discussions of the proposal 
bad taken place. 

A time IS approaching, howe^^cr, when the easily w-orked surface 
and sub-surface deposits of Indonesia and Malaya (where no less 
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than 76 d^ges, 518 g^vcl pumps and 23 hydraulic plants mtctc 
™ t 94 ?)» show signs of mcvwabJc cxhauEion. It is 
then that Mcrgui tod other parts of Burma wiU receive attention 
co^cnsur^with Ac great extent of their tin-bearing rocks and 
t^ir weathei^ products* In the mcandiBe. 33 ihe late E. L G 

*hn<laniental necessity of the tin (and 
^ iinprovement of Ldr 
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CHAPTER IV 


FERROUS AND OTHER RELATED METALS 
IRON 

The approximaic time of the conunjcncciiuciit pf iron immufacture 
in India is unknown^ but at the time of Alexander"? lu^'a^ipn (3S6 
e.Ch), the armed nations of northern India were aa Ikmiiiar with 
iron and steel as the Grcclcs themselves. The famous pillar at the 
Kutbj near Delhij ia of solid wrought iron of an excellenL type* 
^13 feet 8 inches m length, i6| inches m diameter at the base and 
la inches below the capital. It weighs over 6 ions and bears the 
epitaph, in Sanskrit^ of King Chandragupta II, compoaed in or 
about A.D^ 4 ^ 5 ^ The manufacture of leoolZf ^ Indian st«l, anti^ 
cipated the principle of the cemeuiation process hy many ccnturicSi 
and ihU material was probably exported to western lands from 
before the Christian era, to be worked into the * Damascus * swords 
of medieval times# Uutil it practically succumbedi in compar¬ 
atively recent years, before the competition of imported metal, die 
indigenous iron industry was both w^idespread and prosperous and 
there is hardly a single district from the extreme south of India to 
the Himalayas, or from the Shan States in the east of Burma to 
Baiuchbian in the west of Pakistan, with the exception of the 
alluvia] plains of the great rivers, in which ancient iron slags have 
not been found. It docs not follow, however, that ona suitable 
either in quantity or quality for die needs of a modem blast furnace 
plant exist in all these places. 

Failure attended every early attcmpl 10 graft European methods 
on to the local processes and to snielt iron ores on a Urge scale in 
India. In 1^30, the Indian Stedj Iron & Chrome Co. was estab¬ 
lished by M. Heath with its works at Porto Novo in South Arcot 
district, Madras, where ores from the Salem district were smelied- 
These works were subsequently carried on by the Porto Novo Steel 
& Iron Co- and the East In^n Iron Co., additional furnaces being 
erected at Timvannamalai in North Airot, at Beypur in Malabar 
In 1833, and at Falampatti in the Salem district In 1853. Pig iron 
from the Porto Novo worb w-as shipped to ateeUmakm in Sheffield, 
and a large quantity of it was used in the construction of the Britan¬ 
nia tubular and Mcnai bridges in the linited Kingdom. These 
concerns never paid a dividend, steadily lost their funds and finely 
closed down about 1867. 

In Bengal the story begins with the grant by the East India 
Company to Mesns Farqukar & Moite, m 1778, of an exclusive 
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ri^t to manufacture iron within the Company's territorio, a pri¬ 
vilege which they enjoyed in the Birbhum district* in all probability 
using local methods, until they rclmqiiished their grant in 1795. 
In 1639 Messrs Jessop & Co. conducted inconclusive experiments 
v,nth Burdwan ore. In 1855. Messrs Mackay & Co. started on a 
sm:^ scale at Mahomed Bazaar, also in the Biibhum district* and 
their desultory operations wen? abandoned in 1875 after final 
ttp^ents by M™rs Bum & Co. had proved them unprofitable. 
In the meantme theXumaun Iron Works Go. Ltd had been formed 
in i86a amalgaiMtuig plants which had been erected at Dcchauri 
and at ^urpa Tal* in the Kaini Tal district of Uttar Pradesh, in 
1857. After many vicissitudes this enterprise failed as the others 
had done. Yet imothcr attempt made in ( 86a, at B.arwaj in Indore, 
under the dirwtion of a Swedish metallurgist, met with no better 
success. In ^1 these undertakings charcoal was the fuel used, or 
proposed, and it not until 1875 that advantage was takeii of 
MM made from Indian coal. In that year a private company 
^It two fumacis at Kulti, near Barakar, on the RanlgaojToai- 
held, each capable of producing ao tons of pig iron per day but 
ow^ to insufficiency of capital it ceased operations in (870 after 
making III.700 tons of pig iron. In 1 BBa this plant was taken over 
t^ me Government and one furnace was restarted in 1884, con- 
^mng until t88g when the works were resold to the Bengal Iron 
a Steel Co. Ltd, the predecessors of the Bengal Iron Co, Ltd, 
rostered in 1919. 'Hie plant was entirely remodelltsd and the 
Company soon established iron smelting in India on permanqit 
foundations, though a steel plant added in 1903 was shut doivn in 
19^. developments include the formation of the Tata Iron 

Mwl Go. Ltd, the two ordinal furnaces of which were ' blown 
m m rgii and 1912, at Jamshedpur, 154 miles west of Calcutta; 
^e inauguration of the Indian Iron & Steel Co.'s furnaces at 
Bummre, near Asansol* on the Raniganj coalHeid in 1920; the 
Mysore Government's charcoal iron scheme at 
Bhadravati, near Shimoga. in 1933; and the amalgamation of the 
Bengal Iron C^, Ltd with the Indian Iron and Steel Co. Ltd, with 
works at Kulti and Hirapnr, near Asansol, in 1936. 

Iron Ore Depostts op BmAR ahb Orissa 

present century the annual production 
to averaged^about 65,000 tons; by the period 1939 

ajinim^ average had nsen to more than 3,000*000 tons per 
end nf R^mount of iron ore raised in India up to the 

6t 1^8 o^ 70*^8,400 tons, and of this amount no less than 
Or^ ■ ^ mines of Bihar and 

titSf of^^d ^ fr'^E^.^hese two States alone. The distribii^ 

nd th* rctpAuung tonnage over the past 50 yerm ta 
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shown in 5-ycarIy periods in the table on p. 19^. As Jar as the 
Bihar and Orissa output is concerned^ Sh^hbhum^ in BihaTj where 
mining started in 1904, has contributed 47 per cent to the total; 
Mayurbhanjj in Orissa^ which began to prwuce In 191 t» 42 per 
ccntj and Keonjhar, also in Orissa, the latest comer to the list, in 
19^7^ ji per cent approjdmately* 

One of the pioneer ^ologists of Bengal^ Pramatha Nath Bose 
(1855-1934), the first Indian to be appointed to the graded staff of 
the Geological Survey of India, discovered the haematite deposits 
of Gurumaishini and other places in Mayurbhan.j in 1904^ while 
R. SauboUci a prospeclor of Martin & Co,, Calcutta, found those 
of Pansira Buru and Buda Bum, In Slnghbhum, in 1907^ for the 
ores that had been worked earlier in that region were the magne¬ 
tites of the ultrabaslc magnesian rocks in the neighbourhood of 
Kalimati near Taianagar rail^^ay station. L^ter work by various 
geologists revealed that in a region lying from 150 to 200 miles 
west of Calmtta, within parts of Slnghbhuni, Kconjhar, Bona! and 
Maynrbhanj, there exists one of the major iron ore fields of the 
world in which enormous tonnages of rich ore are readily available. 
It occurs usually at or near the tops of hill ranges^ the racst import¬ 
ant of which runs from near Rontha In Bonai in a narth-nnrth- 
easterly direction, rising 1,^00 feet above the surrounding plains, 
for about 30 miles: along practiraUy the whole of this length, with 
a few nc^glble breaks, high-grade haematite, averaging over 60 
per cent of iron, is found. Smaller ranges roughly paraUel to the 
main om also contain good ore. In I934t C. Jones estimated 
the minimum quantity of ore with not ie» than 60 peu- cent iron, 
then knowrii at 2,701,000^000 tons, distributed as follows in the 
various areas—Smgbbhuin 1^047, Bonai (now in Sundargarh district) 
648, Keonjhar 968 and Mayurbhanj t8 millions of tons. 

In the Hirapur hillsp some 5 or o miles west of Umarlcot^ in the 
Koraput district of Orissa, tliere is a mmiminn quantity of lO 
milUon tons of haematite avowing perhaps 60 per cent of iron and 
0-3 per cent phosphoric oxide (PtOJ, and ranging up to 62-7 per 
cent Iron, according to A. M, N, Ghosh. In [939-40 B. C* Roy 
examined the widely scattered lateritic deposits of Sambalpur, 
ten of which he concluded contained 50 million tons of ore with 
J5 to 60 per cent of iron 0-31 per cent of phosphorus; the 
Ingest of these, on the Nalibassa hill, has about 15 million tons of 
ore. A large deposit of haematite was discovered recendy on the 
Tomaka Range In the Sukinda area of the Cuttack district, Orissa, 
by G. P. Rath. A representative sample of the surface ore 
contained 68* 7 per cent Iron, o-oi6 per cent phesphorus and vmder 
0-01 per cent sulphur. The total resen'es are said to be of the 
order of 27 million tons of various grades. The deposit ti now 
being worked for export. 

Further invoijgaiion by Dr M. S. Kmhnan soon Increased the 
Kconjhar reserves to J 483,250,000 tons. Later rcvalimdons here and 
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elsewhere^ & result of further geological surveys and the evidence 
brought to light as iriining operations have extended, enable the 
Geological Survey of India today to compute the probable total 
amoiuLt of high-grade iron ore available m Bihar and Orissa as 
approMmatcly 6,000,000,000 tons, most of which can Eh; won by 
open-cast methods. Moreover, there is perhaps double that quantity 
of lowcr-gradc workable ore, to say nothing of vast tonnages of 
banded haematite, quartzite and ferruginous lateritcs oontaining 
around 30 per cent of iron. Mining operations have also shown 
that the soHd haematite gives place to an unconsolidated or pow'dcry 
variety at different depths. 

The Iron Ore Series consists of conglomerates, purple sand¬ 
stones and limistoncs, overlain by ferruginous shales and banded 
^emaute quisles with the Iron orebodiei, followed in their turn 
by another thick, shaly group with epidiorites and ash beds. The 
whole Series is of Archaean age and forms the uppermost of the two 
unconfonnable groups into which the Dharwarian rocks of 
Singhbbum have been divided. 


Many theories have been advanced to account for vast 
iron ore deposits but the one moat generally put forward and 
J^pted by H. G. Jones, F. G. Pctcival and Dr M. S, Kriahnan is 
ttmt onginally their iron contents were marine, chemical preci- 
pitatesj probably from solutions carried into the sea through the 
leaching of adjacent land masses. From them in the long course of 
geological time, the banded haematite quartzites and the haematite 
jaspers were formed, which many observers consider to be the 
mother rock of the ores. There is much field evidence tending to 
prove that the ores themselves arose through the replacement 
of ^ silica of the haematite quartzites by hydrated ferric oxide 
wUch later became converted into haemadte. The removal of the 
silica and the replacement processa were brought about by the 
i^on of descending meteoric waten,, and in those locations where 
the mplaccmcni has not been completed, broken, slumped, 
crumbly, porousj flabby and powdery ores exisu 

M. V, Wa^war* and oti^, however, take another view and 
telieve that the shales are chiefly responsible for the formation of 
iron Dtebodics and for that matter for the manganese ores uf 
Keonjh^ and Bonai as welL They hold that the original 
iron and ir^gancae contents of the shales were unevenly distri- 
Duted, poaubly along certain well-defined zones, stating that the 
sbalcs themselves have been found to pass latei^y into banded 
n»gucuie quartzites as well as into banded manganese ore varieties. 

masses In the shales, they think, are of a second^ 
formed by percolating solmioiw 
m die wne ofoxulanon. At a later stage, the Whingout of silica 
the mrtchinctit of iron^ ai a result in large degree of colloidal 

■* FcriCloal Cnmm 1 
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reacdDiiSp led to the building up of tbe orcbodics. Thoy alio 
Adduce evidence of the gcudis of OTtidic ora through an inter¬ 
mediate hydroxide stage aided locally by the compaxadveiy high 
temperatures brought about by the intniiion of basic dykes, graniteSj 
pegmadtes and quartz veins into the shales. The rormadon of the 
iron orcbcxijcs was on a much grander scale than that of the 
manganese ore deposits, which tend rather to occur as both large 
and small, im^ular, segregated masses. 

Dr J- A, Dunn (1935) divided the Iron Ore Series as foUowi; 

5. Dalma series ofvokartic flows^ 

4. Tuffs, lava flows, shales, phyllites and mica schists^ 
quartzites and conglomerates. 

ShaleSj phyllites and mica schuis. 

a. Limestones. 

1. Sands tone congbmerates. 

The koo ores and associated banded haeniatite quartzites occur in 
Zone 4. Dunn rejected the theory of their sedinicntary origin and 
argued that they were formed by the secondary silicificatiun of 
material now represented by ferruginous^ ehloiidc or carbon shales 
or phylUtcs^ many of which were tuffs in the first instanoe^ He 
thought t^^t this sillcificadon was Ln part contemporaneoiu with 
the deposition of the beds themselves and resulted firotn thermal 
activities which ^^companied the formation of the volcanic series. 
The iron, according to Dunnes view's, was derived partly rrom the 
oxidation of the tuffs and flows in situ and partly represents a wash 
from Later solutions are believed to have rearranged the 

fcmiginous contents with the production of the massive iron ores- 

The haematites much in their ph>^cal qualities^ and 

massive, lammated, micaceoua, powdery, latcritic and breedated 
kinds occur. The iron content is usukUy about 64 per cent, 
phosphorus ranges normally G-om 0-03 to 0^08, but may be as 
high as o-15 per cent, sulphur is usually below o -03 per cent- The 
chief cha^tcristics of ih«c ores are their high iron, low sulphur 
and titanium, and variable phosphorus contents^ 

Iron Orr Mmno vs SiKOMfiHUM ani> Kjeonjhar 

The Indian Iron & Steel Co. Ltd^ the successors in title of the 
Bengal Iron Co. Ltd, has been exploiting since 1938 the deposits 
of Pantira Bum and Buda Bum in Singhbhum, I2 and B miles 
respectively southHfast of Manharpur station on the Eastern 
Railway, 10 which they were connected by a light tine about igi »- 
^ aerial ropeway, carrying 40 tons per hour, transpom the ore 
^m the top of Pansura Buru to the storage bins at its foot, whence 
It is discharged autoi^tically into the railway wagons. A gravity 
incline, with a capacity of 60 tons per hour, brings ore down from 
a spur of Buda Bum to the railway at its foot. The total quantity 
of ore available at Pansira Bam was originally estimated at nearly 
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10 tnillion tons mid. SudB Buru at 1^0 miUion tonSi. In both 
locolids it la Jt high-gtade haeixmdLc with the Ibllowin^ average 
compoaidoa: 

ptf Cent 

®' 05 ±^ I* 

o o«r „ 

0-05 pj 

The Glia [ziLaea of the same concern me abo in Singhbhntnj 
near the tenninatlan of a branch line of the Eastern Railway* 
ore dispatches having commenced with its completion in 19^3. At 
prraent^ about tons of ore are moved dailyi, by three self^ 

oedng in cUn es^ to the head of a ropeway which delivers it to the 
railway^ 

Tli ori3 of the Bagia Bum range, which runs parallel to the 
Bara Jamda-Barabil branch of the Eastern Railway, have been 
quarried by the Utdicd Steel Corporation of Asia Ltd, a company 
mai^g^ by Messrs Bird & Co. Ltd, since 1923. These working 
are m Keonjliar and yield haematite containing 58 to 60 per cent 
of iron. This concern, having at present no plant of its own, sells 
its ore to othp smeUm and at one time exported a substantial 
tonnage outside India. ManganiTerous iron ores^ containing 
between 30 and 35 per cent of manganese and about 20 per cent 
of iron in the form of Llmoiute^ are also obtained m the same 
vidnity and are sold to irDn manufacturers in India. 

'Die Noamundi mine of the Tata Iron 8 l Steel Co. Ltd is abo 
m Singhbhum, though its orcbodics actually ortend into Keonjhar- 
It ts connected to the Amda«Gua extension of the Eastern Railway, 
to which two aerial ropewaya deliver ore tp the bins at Noamundi 
station. Diacovered by R. Saubolle and C. R, N. Aiycngar, 
indcpendcaitlyj tn 1917, it consists chiefly of two parallel ndges^ 
each about 2 j mil's long and mile wide at the uortbi becoming 
much broader at the south, and was described in detail by F. G. 

(WO- classified its ores into two grades^ the first of 
which includes the massive and laminated haematites as weilas the 
latentic ones, whUe the second embraces the powdery and soft* 
sb^y ores. The reserves of the former were estimated at 140 
miLhcm to^ and of the latter at 8fl million tons. Dispatches 
^ J 9 ^ 6 * while the bulk of the ore handled today is 
01 the laminated type and avera^ about 60 per cent iron, 4 per 
cent sin^ 5 alumina. The soft powdery ores, both 

here and elscw'hercj are of no immediate interest, for though they 
^ m iron and be eintered economically, they are not 
l^^heblMt'^mac^ ^ applies of hard ore are to readily available 

Singhbhum and Keonjhar together supplied over 57 per cent 
of all the non ore srrchcd in India up to the end of 1946, the former 
Cxceedm| an annual output of one million tons in 1927 and, with 
varying fluctuations, reaching a peak of 1,800^574 tons in 1941, 
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Jkilmg again to S^74^®®5 19461 and averaging tons 

yearly over the dei^c 1937 lo 19^6. Kconjbar passed the half 
million ton mark with 507,133 tons in 1944 and i& average for the 
same decade tvas 401,531 tom per annum. 


Iron Or^ Mjnino in Maturbiianj 

Over twelve deposits of hl^h-grade Iron ore occur in the more 
accessible pans of Mayurbhanj^ and three of thein—Gommahis^i^ 
Sulaipat (OkampadJ and Bad^pahar—have been developed by 
the Tata Gompany. They arc all joined to the Eastern Railway 
by a branch Ime about 56 miles in length. The ores are of the 
same types as thcK of Smghbhum and interbedded with them arc 
haematite quartzites and sluUes. Gorumahisanj is a hill mass with 
three separate^ peakSj the hipest of which rises jpOoo feet above 

level. Estimated to contain ^Soo,ooo tons of ore by E. Cumow 
in igi4-!5, it h^ actually yieldiSi over 13 imUion tons, while later 
discoveries of rich material both tie situ and as detritus have so 
augmented the i^rvcs that at the end of 1946 they sdlJ amounted 
to seme 19 milhon tons. An average of 20 analyses of detrital 
ore shows iron 61*46^ phosphorus 0-048, sulphur 0-056, silica 
3 - 34 cent. The average composition of ten samples of solid ore 
shows iron 64*33, phosphorus 0-075, sidphur 0-O2t and silica 
t -04 per cent. 

Okampad and Sublpat (3^35 feet) are prominent peaks, a 
TOle aj^ and some 12 miles south-south-west of Gorumaliisatu. 
The railivay reached the neighbourhood in (922 and a tram line 
coimccts the mine wtth it. T^e main orebody, again associated 
with banded haematite quartzites, lies at the crest of the hiU andj 
wtn an ouLuer, was estimated by Curnow to contain 2,370,000 loos. 
On the removal of the rich * float ’ ore, however, further ore bands 
wero discovered, m that although approsimalcly 3,186,000 (ons 
had been removed, the remaining reserves at the end of 1^6 
aoiounted to 8^,000 tons. The Sulaipat ore is low in phosphorus 
and one of the bnest in quality, 

The Badampahar deposit occupies the 3,7a6-foot peak of the 
i^e t™e in the Subipat-Badampahar range, 8^ miles south-west 
of the Sulaipat nunc. Its reserves, according to Jona, were about 
7 imihon tons m 1938, but in 1940 further discoveria of large 
orebodia greatly increased them, so that by 1944 they were still of 
the Older of 44 nuJlion tons. Dispatcha up to December 1946 
mialled 7 , 4 ^vi^^^ tons. A yellow ore, long neglected because of 
ib poor appearance, is now mined; its bulk analysis shows iron 
lib-6, sUi« o-7a, alumina 0*43, phosphorus 0*063, sulphur 0*15. 
^mbined vratcr a-40 per cent and, like many of them ores, no 
titamui^ ^ TTic ydlnw colour may be due to the presence of 
iimoiute and the ore seems to be a product of replacement of a 
bMic Igneous rock. A small, isolated mass of magnetite also 
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cxut^ but the greater bulk of tlic Badampahar ore ia haematite 
which, while not lo high in iron content as the varietica from 
GorumahJaani or Sulaipat, u highly valued by the imdten on 
account of its more porous character, A representative sample, 
quoted by Jones, had a compodtion of iron 57'&, manganese 
0 ' 59 ,silica 5-60. alumina 5-03, phosphorus 0 074 per cent; the 
average composition of the ore as mined in I945’6 was iron 55-60 
^ica 7*39 ^d alumina 3 -88 per cenL Work was commenced at 

OOWl SuL^lpSlt Barla rftp a.IiaT ' fQjtics in IiQiSSE* 

The output of iron ore from Mayurbhanj, responsible for over 
^ cent ofthc tQt^l won from Biliar mid Orissa up to ihc cad 
of E9461 approached closely to j rniJlioa toos per anaum by lou 
and passed that figure by 1^116. Ii then dedmed oa the w&le 
ovw a smes of yeaai, only to rise again Ulcr. so that the annual 
average for the decade ending 1946 inched 550,615 (ons. 

Smaller I>Epaam op the Or^ of Iron 

The enonnoui ore deposits of southern Singhbbiim eoi&pleiely 
overshadow saialler ones of a similar character in various parts of 
Chota Nagpur which cannot be mined la competition with thcnL 
Others of difierent chaiaeterSi both here and elsewhere, may find 
their special uscs^ as was indeed the case with the aiagnctitea of 
Kudada and Pathaigbarai now exhausted^ hut worked at one time 
for the manuTacture of high-phosphorus foundry pig ironv Similar 
magaedte ores occur on Gore Pahar, in Falamau^ where Auden 
has estimated reserves of about 350,000 tons; at Sua, near Dalton- 
ganj^ where A, K. Dcy discovert another deposit^ and near 
Saokhajnur in Pallahara, Orissa, where B. G. Gupta found lenses 
of raangaaifenous magnetite. Anal™ of the Gore Pahar ore 
show ferric oxide 69-23_ to 7a-66* ftarmis oxide si-6o to 22*50, 
silica T ^40 to 5^ 54^ diania 0-50 to 1^60, alumina 0*50 to j ^ 10 and 
phosphorus pentoxide o*02 to 0^03 per cent. The dtaaium- and 
vanadium-bearing iron ores are described separately under Titan- 
nm and Vanadium and it remains to mention the Icnticlcs and 
nodules of a softer, limonitjc, clay-iroastonc character found in the 
Damuda Valley coalfields which served as a source of iron in the 
early rial's, and for which demand may arise again, for their use, 
afiCT suitable treatment, in the desulphurixiag processes of coking 
plants and gas-works. 

Iron Ore Defosits or Madhya Pradesh 

The iron ores of Madhya Pradesh are not systematically worked 
at present, though they have been drawn uponr as, for example^ 
in 1923 and 1924, wh^ for various acddental reasons, the niinet 
of the companies operatmg in Singhbhum were unable to fumiih 
regular suppUea for their fumaces. 
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In the duAda district at least ten separate deposits have been 
located, fornuDg well*dcvcloped beds of haenuitite, sometunca with 
magneate, associated with baaded haemati te quartzites ofDharwar- 
ian age. The two best known arc at Lohara, described by Hughes 
in 1873 and by P. N. Dutta in 1910, smd Pip^on (Hughes 1S73), 
The fomier crops out in a hill nearly half a mile long, 2t» yards 
wide and 120 feet high, and has been traced for a further miles. 
Regarding it Hughes wrote as follows: ' The view presented by 
such a mass of almost pure specular iron St does not £dl to the lot 
ofmaay men to sec surpassed and those who poasES the opportunity 
of visiting this place ought to do so. and carry away with them the 
renaembrance of having looked upon one of the marvels of the 
Indian mineral vmrld.’ The Pipalgagn deposit he described as; 
‘An excessively fine mass of red haematile resembling that which 
occurs at Lohara if not having the same composition.' 

The available quantities and compositions of the Ores of these 
and filler localities, AsoU and Dewalgaon. as proved 

oy V. it, X, KJicdkcr m 19^. are shown in the following table: 
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district were briefiy described by Bose in 
^“7 he aoied that the most extensive deposits occurred in the 

region was investigated by C. M. 
WeLd for ^ Tata Company in 1914. The iron ores resist the 
action of denudation and rise in billwim above the level of the 
nirroundii^ country. The ridge which includes the rUi^lli and 
Rajhva hilU ot^ds for about ao miles and attains beighb of 400 
Icei ^jove the plains. The ores are asaociatel with phyllitcs and 
m often of the ouam-iron ore schist type, while the purer varieties 
foim iMUcular bodies at two horizons; those in the lowct band 
mg mom 2.000 to in length and too feet or so in thick* 

^ but. the others in the upper band are compamdvcly smaller. 
The limited mass of haemaam forming the crest of Rajhara Hill 
itsdi proved by core-boring to contain f | millLon of ore 
K?! per cent of iron and a phosphoms content just 

below the Bessemer l^t. More recent work has demonstrated 
t^t this IS just a small portion of the reserves available here for 
the western portion of Rajbara HiU is now known to contAi a 
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37 ir million t&m, while additional Eunoimts of 35 and 
20 miUion tom arc bdieved to be availahlc near JharandalUi 
Kondekasa and to the south-east of the latter place, respectively. 
The composition of the Rajham ores is ahown by the following 
analyses, the average of 64 samples: 


ANALYSES OF RAJHARA IRON ORES 
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It has long been Imown that extensions of these ore deposits 
were to be found in Kanker and Bastar, to the south of Drug, and 
to P. N* Bose again goes the credit of noting two extensive deports 
in the Antagarh ia/irii of Bastax, over 50 years ago. It is only witlmi 
recent years, howe\'er, diat their naa^fnitude and quality have been 
realised. H. Grookshank reported m [93B that there are cUflk of 
iron ore, up to 500 feet ki height^ in the Bailadila Range of Bast^, 
capable of yielding at least 610 million tons of first-class ore with 
over 6 S per csit iitm, o+ogfi per cent phosphorus and 0*043 
per cent sulphuTi Later work by A. M. Heron and D. K. 
Chalteijcc ijicrcascd these reserves to 3,600 million tons- Agaliip 
on the crest of the Rowgbat, there are, according to K. 
Chatterjee, 740 million toiif of haematite, with some limomtep 
within a depth of 150 feet of the surfoce. An average analysis 
of 34 samples Grom this area gave iron 64, phosphorus o*oS, and 
silica 1 * 76 per cctiL The laigest individual deposit on the south-^ 
west of the ridge contains some 500 mtUion tons, the average of 
ten analyses of which showed iron 65'06, phosphorus 0^05, and 
silica 1 '04 per cent. In some of ihi^e depwi^ the ores are soft 
and porous and, at times, limonitk^ 

In Kankcr, Basur district, ¥L K. Dutta and P. K. G^tteqcc 
haw found about 6 miUlon tons of massive haematite with 
over 64 per cent of iron and practically no phosphorus, on the 
Ari dtatgri^ near Farreknro. A further ao mi l li on tons of detntaJ, 
micaceous artd specular haematite, in plates and slabs up to 4 feet 
across, is available, within a depth of 5 feet, around the base of 
die Ari dmgri. 

Iron Ores or Mtkhu 

The ores of iron are widely distributed in Mjrore but the only 
ones under cxploitatioa are those of the Bafaabudan in the 

Chikmagalar district^ ori^ally described by Sm.ecth and lycng^i 
as well as oertaiji others mcltidiug Sandur, Hospet and Eamagiri, 
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whlcb accrued to the State after its merger whh the BcHary district 
^ 953 - The crest of the Bababudan horseshoe-shaped chaiD of 
hills is fbnned ahoost entirely of banded Quart^iroii ore rocks^ 
largely haematite with some m^ctite. The ores themselves, 
accordmg to Smeeth, are cither desitkified portions oF ihe^c rocks 
or met^matic replacement of qiiarta and silicates resulting in the 
formation of rich haematitic and. limotiitic nuxturcs^ particularly 
on the more gentle slopes and undulations* Sampat Iyengar 
regarded the more or less banded and porous limonite^hacmatite 
ores as depositions of iron compounds removed in solution by 
meteoric waters from portions of the desilicified lerruguious quarts 
ziti3. No estimates appear to have been made of the total ore 
these HeldSj though Smecth gives figures for certain 
independent occurrences which are now siipci^eded hy the reeent 
mv«tigations of J, P. David. In ihc ridge and scarp of the Dupa^ 
dagin section of the Kenunangandi field he has proved the presence 
of ao million tons of ore, averaging 54 per cent iron, 7 per cent 
almmna, 3 cent sUtca and o- to per cent phosphorus, after 
making an allowance of 50 per cent in the total for rncctions on 
account of lateri tic impurities. The ores of the Kalliattigiri section 
are, aecor^g to David, of Inferior quality^ to those of Kcmman- 
gancti, and the reserves of workable ore thnein ate tn 
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vary from soft to hard, massive, steel types and usually contain 
over 60 per cent ot iron. About a million tons of iron ore of much 
the same quality am amiable In the Copper Mountain to the 
south-west of Bel lary. 

No account of the iron ores of Mysore would be complete without 
a brief reference to the discontinuous bands of ferruginous quart- 
aitca, and the magnetite-quartz rocks derived from thciii+ which 
stretch from the south-western comer of the Bangalore district, 
across Tumkur into the Chitaldrug district. TTie magnetite- 
quarto rocks of the Maddur-MalaT-'aHi area of Mandya are amen¬ 
able to magnetic concentration and yield products averaging 60 
to 70 per cent of iron, with no more than traces of phosphorus, 
sulphur and titanium^ B. P. Radhakrishna has csdinatcd reserves 
of these rocks amounting to 41! million tons^ carrying an iron 
con tent of between 40 and 50 per cent. Similar ores, amounting 
to Some 13 million tons, are said to be available in the Sargur area. 
In the Kunigal area of Tumkur thexe arc probably a further 32 
million tons to be found, but as garnet, hypersthene and amphibqle 
are also present, they may prove of Inferior quality. The Hirlyur 
area of Chitaldrug, Radhakrishna has computed, contains 55 
million tons of brown haematite assaying 80 per cent of ferric 
oxidcp with traces of sulphur and phosphorus, but a certain pro* 
portion of this consists of soft, powdery ore. In the Shimoga 
dbcrict too, which lies to the w^est of Chitaldrug, limonitic ores 
asoclated with manganese ores occur on the crest of Shankarguda, 
Analyses of these ores range up to 60 per cent of iron^ but their high 
phosphorus content (o-i per cent) precludes their utilisation at 
present. 

Iron Ores of Madras Bt Andhra 

Iron ores are abundant enough in the Salem district of Madras 
to have led so astute a geologist as the late Sir Thomas Holland 
to deebre that they ate practically inexhaustible. For full details 
of their many occurrences in this and other districts of the Slate, 

reader must be rtferred to the pubUcatJons of the Geological 
Survey of India, and particularly to the writings of W, King and 
R. Bruce Foote, as only a selection from the recent investigations 
can be mentioned briefly here. 

N. K. N, Aiycngar examined a large number of magnetite- 
bearing quartzite bands in the Salem'-Tiruchimpalli (Trichinopoly) 
region in 1947 and found them intercalated with mica and chlorite 
schists, gametifcTDiu spphibolitcs and gneisses of Dharwar age. 
He regart^ the magnetite as a metaraorphic derivative of haematite 
which, with an ampbibolc of the iron-bearing gruncritc group, 
occurs in these ora in small quantities. Holla^ had alrcMy 
suggest^ that the common occurrence of magnetite with the 
^ematite represented a stage in the thermal metamorphism of 
haematitic quartzites. The reserves of the more conspicuom and 
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richer bands arc conservatively cfftimatcd at 305 nuUion tons^ with 
an iron content of 35 to 40 per cent and phosphoms 0^03 to 0M5 
per cent, distributed as follows t 




p - 55,000,000 tom 

T3, 500^000 p, 
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A comprehensive report on these iron ores by Dr M. S, 
Knshnan and N, fC. Aiyengar has been pubiisbed by the 
wvmmcnl of Madras, magnetite at the foot of the 

K^jamalal near Virapandi station In Salem is said to exhibk 
polarity. 

,-1,^*' Kon^c and Ycnakal reserved forests and in the 

hills east of Kimadlcn and Ajana of the Ptittur taluk of South 
Kanara, S. Krishnaswamy and B. R. C. Iyengar have found 
fcmipnoiis quartzites locally ^ving rise to Jateritic iron ores 
containing over 50 per cent of iron. Lying near the coast these 
^posits are favourably situated for export purposes, hut their extent 
depth and reserves sdU need determination. 

Several occurrences of good hacmaute, partly spceuhir in 
character, have been developed along a Ikult plane which cuts 
across the basal Cuddap^ rocks, and trends iu an east to west 

^ection, ^ughVeldurtiand Ramallakota in the Kumool district, 
^dhra. These deposits were the subject of a detailed report by 
Dr M. S. Krisbnan and M. S. Balasimdaram, published by the 
Govcrmnmt of Madras, and contain some 4 nullion tons of or« 
within a depth of too feet from the suriace. with an ir^n 
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Iron” Okes of Hydera&ao 

The iron ora ofHyderabEwl omnr in bands made up ofcrumi^icd, 
altcmatm^ layers of haematite (or magnetite) and quart?., ^ to i inch 
thick, the two minerals being present in approximaiely equal 
amounts. They are, in faetj typical banded haemalite quartzites of 
Dharwarian age with an average iron content of about 40 per cent. 
As a gencial rule the bands run m straight lines and may be up to 3 
or 4 miles long I their average tbicknesa is about 50 feet* and their 
maximum thickness in the Ghityal hills of the Adilabad district is 160 
feel. They generally possess high dips and arc often vertical, though 
in the AmberpethiDsofdie Karimna^r district, an exceptionally low 
dip of upwards has been measured. Massive unlaminated iron 
ore without qimrlx is rare in Hyderabad i for example, in the whole of 
the Godai^ river section at Ghiiyal, with its total of t6o feet of 
ironstones, only one layer of solid ore up to 6 inches in thickness is 
knowTi and it is only traceable for a few yards. Six main deposits 
have been mapped, each ofwhieh contains over five rniilion tons of ore 
down to plains^ level i Chityalp Kaileda-Dasturabad and Rebanpa^ 
in Adilabad i Chandoli (Amberpet) in Karimnagar; Singareni in 
Warangal, and Kmhtagi in Raieburdbtrict. There are kinumcrable 
smaller orcbodra, according to Dr A, M. Heron, from whose account 
this note h summarized. Thc« iron ores belong to a group com¬ 
mon enough in many other parts of Indiap from which only low* 
gradej siliceous ores are obtamablc without some Ibrm of rpccKaru^l 
conccntnidon, and it is obvious that they compare unfavourably with 
the rich* high-grade ores now used by Indian iron smelters. 

No account of the iron ores of Hyderabad woidd be complete 
without a reference to Konasamudram (cast of Nizamab^)* one 
of the localities where the steel was made from which the Damwus 
blades of the Middle Ages were fashioned. It sdh bei ng made 
and sold to Persian traders in iSao when H. W* Voy^ viMn 
place, A light brown, ferruginous lateritic ore Tadpalii 

(Tadpolli) was the c 1 ij<^ raw material, but the mcots of the 
depended not on this* but on the mctaMuipcal knowledge mvolv^ 
id the carburization and heat treatment of the iron smelted Irom it# 

Other Iron Ore DEPoeiTa 

It is known that there arc deposits of haCTiatitc near 
in Bombay, and also m Goa. The reserves are said to be of 
order of 10 Etiillion tona but no reliable estimates are av^ulable- 
The ora are believed tu owe their origin to the removal ol sibca 
from ferruginous quartzites of Dharwar age. An agreement ^vas 
anuounced in October 195T bctw*een a mining company m 
guise tcmtory and the Konkan Mining Ckimpany of Japan* 
whereby the latter was to install on the former s mine, c<^plctc 
mecbanicaJ equipment designed for a maximum thuly production 
of 2 000 tons of iron ore- This is staled to have involved a capitaJ 
outlay of Rs ij crora, some Rs 75 lakhs of which was advanced 
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t£j the Konkan Company m a loan by the Export and Import 
Bank of Japan and repayment for which is to be mad* by means 
ol^ pTo rflifl export of ore to Japaii p The open^-cast mine of SirigaOp 
32 miles inland from the port of htarmagao^ now fully mechanized 
by JapMBC engineers, was formally opened by the Govemof- 
Gweral of Pomigu^ India on 13 October 1953, The ore la 
delivered chutes from storage bins at the mine direct into barges 
for water transport to Marmagaoj whenee it is exported^ 

Near Namau] io Patiala, P* N+ Bose in 1905 discovered bands 
of magnetite-haematite ores associated with ienuginous quartzites 
and granitoid gneisses^ Later investigations have revealed reserves 
of the order of 5 million tons to a depth of 300 ftci. Samples 
confined iron 5 7 ‘ 4 i alnmina 4 ^ ®i silica o ■ 3. phosphorus o ” and 
sulphur 015 per cent. r 

Extensive deposits of magnetite with haematite occur as bands in 
quaxtzito m the Chichot subdivision of Mandi^ Himachiil Fradeshj 
but as G, KohU has obse^cd^ there are no prospects of these being 
exp oited as long^^ the bigh-gradc ores of the country arc available* 
Low-gradCp siticeom iron ores, in the form of banded haematite 
and ma^clite quartziteSj are common enough in the Dharwara 
schistose rodu in Peninsular India 10 make newly 
recoded finds of little immediate economic concern^ This also 
appho in the case of the femiginons Jal&ites which, although they 
often fmnjshcd ores for the si^l local furnaces in times past, arc 
not utdized by the ironmasten^ of today. The lengthy listi of the 
iron otxujT^ces of practically evoy State cannot be summar- 
here, but the interested reader will find them in La Touche's 
^i^Ud /mfex c/Mi^nU p/ Economic Valm, and in the Anmnl 
0 ^^ fUfMTts of the Directors of the Geological Survey of India, 
which tmvc appeared since the publication of that work in 19 iS. 

No deposits of high-grade iron ora comparable in any way with 
those of Peninsular India occur in either Pakistan or Burma, though 
the low-^ade fcrruginoi^ Uteriics of the Salt Ra^e Jurassic swu- 
en«3^ or the similar material at ihc base of the Eocene in Baluchistati 
and elsewhere were worked for smail-seale local consumption in the 
m ^me localities. A survey made in 1953 mvealSj that the 
Sargodha and Attock districts of West Funiab have 
workable deposits of iron ore containing about 40 per cent iron. ^ 

CoMai in iJk*^ d<p€i«il of nugiKtIte faai been tieported rccentl/ /join 

asub in quBiitity Btmo^ 
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The iron ore deposits of Biinna are mainly of a latcritic character 
and arc \^dely dis^buted throughout the country;^ fonniog the 
of the inolgcnouf industry in the timei of the Burmese Krog^. 
None of them^ so far as is known, offers any prospect of successful 
large-scale exploitation^ especially in the absence of coking coab 
in the country^ For special purposes they have their uses, as 
instanced by their role in the reduction of the lead ores of Bawdwini 
and are obtainabLe in suitable grades &om irregular beds capri^ 
ciously distributed at the base of the red earths of the Shan Plateatu 

It remains to add that manganiferous iron ores are quarried in 
India for blending purposes; that the nodules of clay ironstone 
found in the shales of some of the coalfields were for many yean 
used as a source of iron by the Bengal Iron Co. Ltd; t^c the 
Tmvancorc titaniferous iron sands are exported in very large 
amounts as a source of dtanium compounds ; that in the vanadifer* 
ous ores of Bihar and OrU^j the county possesses a potential 
source of that valuable metal; that certain varieties of massive 
haemadte from Badampaiiar in Singhbhum and Sandur in Bdlary 
have been found suitable for the production of hydrogen by the 
water-gas method adopted by the Fertilizer Works at Always in 
Travancorc; though high Indian railway freights make it more 
pro&table to import Spanish ores for the purpose; and that various 
oxidized ores, often of a latcritic nature^ furnish most of the natural 
red, brown and yellow pigments of the land. 

The latest available estimates of the reserves of the major iron 
ore deposits of India arc as follows: 
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The vast quanddea of workable^ though somewhat lower-grade^ 
ora of Singhbhum arc not taken into account in the computadoiu 
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The MANUFACTTJltE OF laOM AWB 

Fifty years ago, about 1900^ the average annua] production of 
pig iron in India was aipproxiiiiatcly 35,000 tons, which camfi 
cDtirely from the works of the Benga] Iron & Steel Co* Ltd* For 
the five years eriding 1950^ it averaged 1,53^,000 tons in round 
figures. The manuitenirc of steel commenc^ In 1912 and by 
1941 had increased to over t,ooo^ooo tons per annum. Of the 
grand total of 41^716,412 tons of pig iron dtuii^ the present 
centuryp 63 per cent was pipducim by the Tata Iron 8 l Steel Co* 
Ltd^ 30 per cent by the Indian Iron & Steel Co, Ltd, 5*7 per cent 
by the Bmgal Iron Co. Ltd or its predecessors, before its amalgama* 
tion with the Indian Iron & Steel Go. Ltd in 1936, and 1 per 
C4Sni by the Mysore Iron Works, Of the grand to^ of 20,142,893 
tons of steel, the Tata concern made 86*3 per cent* the Steel 
poration of Bengal 11-4 per cent, and the Mysore Works 2- 3 per 
cent. Details of the growth of the indiutries aie tabulated in the 
tables on pp^ 199 and 201* 

Tki Ittdian Ir^n & Sutl Q>. Ltd* The early history of the Bengal 
Iron Co. Ltd has already been mentioned J after various eban^ 
of fortune it went into voluntary Bqusdation in 1936 and was amal¬ 
gamated with the Indian Iron & Steel Co. Ltd, a company, register¬ 
ed in 1918* which had commenced to smelt iron ores from its own 
mines at Gua, in Sin^ibhum, in two 500«ton blast fumaoes in 
November 192^, at Burnporc, near Asansol, 132 mitea north'-west 
of Calcutta, The works of the combined concern are at Kuld, 
the original home of the Bengal Iron Co., and at Hirapur* At 
Kulti there are now two mechanically charged blast furnaces with 
a capacity of a quarter of a million tom of pig iron per annum. 
Coal is carbonized on the spot in four batteries of iS"® by-prodtict 
ovms with an annual out-tum of 200,000 tons of coke, 2,000 tons 
of ammonium sulphate, 6,500 tons of tar and 3®®^®*^ gallons of 
crude benzoL 

The Company has mherited the long-time specialisation of the 
Bengal Iron Co. in the manufacture of cast iron products and large 
foundries adjoin the blast furnaces, comprising pipc» railway sleepy 
and general castings sections. A spun-pipe foundry, added in 
*945t haj; an annual capacity of 20,000 tons of cast iron press^^ 
pipes, Grom 3 to E2 inenra in diameter* The combined capacity 
of all the foundries is about 70,000 tons of finished products of 
British and Indian Standaid speeificatioos* Recent new develop* 
ments indude a heavy pipe feetory to turn out 20,000 ions per 
axmmn* additional mechanized foundries, and a department for 
the manufacture of small and inediiini-sized castings in non*^ferroiia 
metals, with a capacity of400 tons per annum. 

The Hirapur works Iiave two Boo-ton modern blast furnaces, 
employing the tunnel system for tbc convcy^ance of fuel, and 75-wm 
ladles which convey the molten metal to two double-strand pig 
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njachines, or lo the pig-casting beds as the case may be, while ail 
the brushed metal u handl ed by magnets. Xhe by-product cokins 
installation comprises two batteries, rach of 8o Simon-Carve, hori- 
zcotal-Que, waste-heat ovens, with a daily output of i,ooo tons of 
coke; anofiier battery of 40 compound ovou of imder-jct type by 
the lamc malm, wMch add a further 450 tonr of coke to the daily^ 
out'tuin^ and ad^tional compound ovensy installed in and 

again m 1947, bringing the total coking capacity to approximately 
4^000 ioi« month. For the recovery of Arnmnnu m sulphate, 
along with ^ usual by-products, a contact sulphuric add 
^ s of making 60 tons of 77 per cent add daily, has been 

installed. The Company owns iar^ reserves of coking coal in 
areas adjacemt to the works, though at the present time it derives 
Its supplies fi™ Its own collieries at Ramnagar in the Raniganj, 
and Nt^dih, Jitput and Chasnalla in the Jharia field. The 
composition of some typical products it given below. 
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rup w i per cem art mibclr u rcqiureU. 

BenS'l!r5®fJ”“ * ^ St**! Corporation of 

•“ ^ contemplated out-turn 

P'J !•! October tMfl the 

amalgamation of the two confer™ was approved 

Sd Go™m™t of India 

SL»Ilt » ^ ^ expansion programme 

gpuT, T17 and 110 miles irom the works, rcspectivelys 
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The odginaJ pUnt had two blast furnaces capable of makii^ 
250 tons of pig iron a day, which v/ctt ' blown in ^ in Novmnbo' 
]^[ i and S^tembcT 1912 respectively, and ronr npen-hearth steel 
fu^aces each of 40 tons capacity^ Today there arc five blast 
furnaces with daily capacities of 550, gew^ Soo^ Soo and I^OOO tons^ 
able to deliver some i,ioo,cx>o tons ofbakc pig iron per annum as 
well as 15 jOO 0 tons of ferro-manganese. The gases froin the blast 
furnaces, before being used in the stoves or under boilers, arc 
cleaned by modem methods, including a Lodge-Cottrell installa^ 
don dealing with 15 million cubic feet per hour. 

The first coking plant consisted of 180 Evance Goppee non- 
recovery ovens which were gradually irplaced by Koppexs, Wlh 
pulte and Slmon-Carv 4 types^ To^y there are three batteries 
of the last-named, carbonizing 1,300 to 1,400 tons of coal daily. 
In 1951^ the last battery of Wilputtc ovens was disnoanded and is 
being replaced by a fourth battery of SLmon-Carv>^. Over the 
years 1944 to 1946, the coke production from three Simon-Garv^ 
and one Wilputtc battery averaged 8471OOO cons together with 
37,000 tons of tar and 13,000 tons of ammonium s^phate. A 
contact sulphuric acid plant produces some ^ tons of gS per cent 
acid per day, used for the fixation of the ammonia content of the 
coke oven gases, for the pickling of steel sheets prior to galvanizing, 
and In the hcn^Holuene plant which provides about 1^ mUlion 
gallons of these hydrocarbons annually. 

The Comply tnanufactores steel by a number of separate 
piocesses. In its No, 1 shop there are eij^t ba&ie^ open-hearth 
furnaces, three of^ tons, two of 90 tons, and three of 130 tons 
capacity. The average annual pr^uedon from these is about 
350,000 tons of steel. The Duplex system of steel manufacture, 
a combinadoQ of the acid Bessemer and basic opcn-bearth procesaea^ 
is followed in shop No. 2, The plant comprises three 25-ton acid* 
lined Bessemer convertors which receive the molten metal from the 
blast furnaces, after storage in a hot mixer; their semi-finished, 
blown product is transferred to three dlting basic open-hearth 
fumacea, one of 250 toas and two of ^00 tons capacity each, for 
finishing the steel to predetermined compoddoti- The annual 
production of the Ehiplex plant is about 650,000 toas per annum. 
For the roanuiacture of acid steel, specified for the wheels, ryres 
and axles of railway rolUng stock, ete,, the Triplex process is adopted 
in Shop No, 3, where inctal from the blast furnaces is blown la acid- 
liiied Bessrmer convertors to remove silicon, mapganiae and carbon 
as desired, and then charged into a baric open-hearth iumajce to 
be dephosphorized. The dephosphorized steel ia then tramferred 
to an acid open-hearth furnace In which the heat k finished. Steel 
ia also made in this shop by the Duplex process or scrap-carbon 
process. The average annual production since 194^ has been 
about 42,000 long tons of acid steel, in addition to 16,000 tons of 
basic stech There are tw'o 5-toa capacity Heroult-type electric 
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MC fum^cs in Shop No, i which are used mainJy for the osanu- 
future special and alloys steels, the avcragie annual cutput beimz 
about I tons. The maouiacrure of high^uaUty alloy tool 
Md spttial steels was commeRCed in 1943 when a sepanate’Tool 
Stttl Plant was inaugurated. It contains one J-toti high-freqacncy 
inducuon furnace and ancillary equipment. Two smaller fumajces 
of the saw type used for tescarch purposes ate installed in the 
Keacarcb Laboratory^ 

r?"- Company ate equipped to turn 

^ products covering pdracticaUy the whole range of 

^juraments. In the blooming mills the steel ingots 
the soaking pita ^ reduced into blooms and alabs. The 
blwins arc then roUed in the continuous sheet, bar and billet mill 
mto shtet bars, tin ban, sleeper bars, billets and so forth, or In the 
i^ and structural imlls into rails, beams, angl«, chaAwIs?^ 

!k- plate mill into steel plates from i inch 

tog lacho m thickness and to a maximum width of about 7 feet- 

^ rrapective finishing irdlls, 

the billets to the Morgan merchant mill, or to other niilh, 
m enurge as light structural materials, light rails, fish plates, etc. 
Tl« sheet turn the sheet ban into bkek sheets of many size* 
Ro gauges, both of ordinary commercial dualities and of special 
*1 thawing sheeb, panel plates and high^Sn 
electrical industry; the average annual ^oduction 
orshMts alone aw^ts to 150,000 tons. Corrugated sh^, either 
black or galvanized, arc pnxiuced on rotary machines and the 
galvawing of the black sWts, after pickling m dilute sulphuric 
^d, IS done by the hot-dip ’ process. Pressed steel rSlway 
j Platit frotn 3l«per ban roUed in 

Insr-rtt^**’ billet mill. A wheel, tyre and axle plant was 

n^Sr. approximately 20,000 tons gf such 

fhe Company also makes from its own steel 
r of agricultural implements and 

Stflib ete mattocks, crowLrs, chisels. 

^ ^ *yp« of low-alloy high- 

«^gth ^tenals, fajotra ^ their trade names of Tiscrom Zid 
former IS a lugh-tensile structural steel of which over 
n ^ *=*«“;SDiction of the new Howrah bridge 

X Wy at C^cuttiu The second is a chiomium-copWf- 

employed In structural work where great 
and corrraion-resi^ce, coupled with a reduction in 

duilw*>k!!^i^^!!!L ' inadc to meet uigent demands 

last war, w civduin needs since then, incli^de high-speed 

Slim 

SK t^gh-«hcon sheets for electrical machinery, as 

VfcU as the coinage die steels for the Indian mints To ^t 
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war-time ihe Tata Cbmpaiiy made ower ^o.doo tons of 

btUlet proof platea and other ordnance steeis. It abo produced 
^ch alJoys as fcrro-tim^teit, fcrro^vanaiiium and siljccHmanifaiiese 
frorn Indian raw imtcria]s+ ^ 


The QjmpMy has its own plant for the maniifbcture of magn^ii 

c^me and other refractories as well as a welding electrode-mating 
plant. Its control and research laboratories are equipped with 
i^tOKlate scientific appliances, not only for mu cine ^vork but for 
the inratigaoon of all problems bearing on the production and 
proi^mg of the fertoiis metab and their alloys. A Technical 
Institute ivaa mauguraied in igai, for the theoretical and practical 
irauung m met^Iur^, ^gmeering, etc., of the supervisors and 
technicians employed m the works* 

Mwy ot^ industries have established themselves in and 
around Ja^hedpur, mduding The Tinplate Company of India 
Ltd, The I^ian Steel & Wire Products Ltd, The Indian Cable 
Ltd, The Agricultural Implements Go, Ltd, and 'fhe Tata 

Engineering & Locomotive Co. Ltd. 

A scheme was introduced by the Steel Company in 1933, where¬ 
by the employees share a pmentage of the pro£ts c^ed, and by 
this means labour is associated with the sharcholden to the 
advantage of both+ The bonu^ paid under the scheme for the year 
t95CKE exceeded Rs i crore* 


The present rated capacity of the steel works is about 75Op00o 
tom of finished steel per annum, but the Company has undertaken 
a programme of expansion and modemiaation at an estimated coal 
of Rs 33 crorea which will increase the capacity of the plant to 
930^000 tons of hnished steel per annunL In Septeinber 1951^ 
the Compwiny announced its decision to proceed with the 
manufacture of tubte in association with Messrs Stewarts St Lloyds 
Lidf for which purpose^ besides the tube mill, a special strip mill 
for the supply of the necessary skelp will erected. 

In the preparation of this note wc have to acknowledge the 
generous assistance of Mr Phiroz Kutar, General Manager of The 
Tata Iron SL Sticel Company Lid. 

Analyses of various basic and foundry grades of pig iron pro¬ 
duced by the Tata Cknnpany are given on the following page. 


Th 6 jVfywrr Iron md The Mysore Governiiiedt^s 

Iron and Steel Works, where operations were commenced in 
Jmiiiary 1913^ are at Bhadrovati, i i miles cast of Sbimoga, and 
insisted oHgi^ly of a single blast furnace with a capacity of about 
60 tc™ of pig boa daily, together with a wood distiUatiDn plant in 
which the charcoal used as fuel was made and the b>^-producu— 
wo^ alcohol, calcium acetate and wood tar — recovered. The 
main source of the ore supply then, as now, was the KemmaagundL 
fcld tn the Bababudan Hills, 26 miles to the souths limestone came 
from Bhandigudda, 13I miles lo the eaii; the wo^ supplies from 
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analyses QF irons MAI>E by the TATA [RON & ^EEL CO. LTD 
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the adjoining Fo^e9ts^ A stool plant consbting of a Siemms^Martipj 
opcn^hoaxth fumacc of 25 tons capacity, and a rolling mill 
dosignod to finish 20^000 tons of steel per annum, connnenced 
production In 193^, while additional plant was added in 1950. 

It has recently been decided, after ooTuultation with Norwegian 
specialists, to introduce electrical smelting using power from the 
Jog Falls. Two furnaces, each to produce foo to 1 10 tons of iron 
daily, are contemplated, and these are intended to raise output fitsm 
25,000 tons to nearly 100,000 tons per annuon The blast furnace 
will continue to runetJon but will use coke in place of charcoaL 

Two electric furnaces with a dail>- capacity of E or 7 tons were 
Installed at M^'iaorc City during the last war for the manufactun: 
of fcrro-silicoa, which was supplied to other users in India as rc- 
quiretl It is now proposed to make ferro-ailicon in a new and 
larger unit at Bhadmvati, and to devote the Furnaces at Mysore 
City to the productipn of fcrro-chroine and similar alloys^ 


analyses of MYSORE RIG IRONS 
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The Sud CcrporclUjn ^ Bengal. The Steel Corporatioa of Bengal 
Ltd wa3 formed in 1937, with a capital of Rs 5 croresj under the 
martaging agency of Bum & Co. Ltd^ Catcutta, to manu&cture 
steel billets, sections, rails, sheets and related products from the 
pig iron produced at the Hlrapur worka of the Indian Iiro Sl Steel 
Co, Ltd. The vforks of the Corporation aje at Napuriai eloK to 
those of the Company, and they share common water, electricity 
and gas supplies^ The first steel ingot was cast here in NoyemheTp 
The steel plant comprises both con^'rrtor and basic opra* 
hearth smelting shops. The mill contains a 4D^inch blooming 
34-mch and T e-inch section mills, with the usual ancillary equip¬ 
ment-maintenance shops, test house, convertor bottom house and 
laboratory. The capacity of the plant 1$ about 350,000 tons of 
finished steel annually. 


PRODUCrriON QF PIG IRON IN INDIA* 1900-5* 
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Bcpgal lion Co-^ . ^ -- peremtafE of total 5-7 per cent 
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Indian lion & Si«l Co/i- n ** 3^+0 ,, n 
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The Ben^d Ifoti Co. Ltd w4i Ama%apiated with the Indian Iron i 
Steel Co, Ltd in 

• Frodixtiin of Bengd Ircm & Sled Co^ LkL 

f AppcoKunate. 

* Comnuoiad December 1911. 

§ CopUBcnocd m November i^iK. Figiiw foe ig^S omj* 

51 Gommeaced in 193:3. 

Hiadustojt Slut Limitid, The ariidcs of assocLation of this Indo- 
German Ck>mpany were signed in Delhi on fli December 1953 on 
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behalf of the Govcmmeni of India, and of the German combine of 
Krupps and Den^. The rtevt* comply has an authorized capital 
of Ks ifOOO million and is to erect a steel plant wth an annual 
capacity of 500*000 tons capable of expansion to i,0OOjOO0 tons, 
at an estimated capital cost of some Rs 71^35,00,000. A site for 
the pl^t has been selected at Rourkela in Sundai^h* Orissa and 
work is expected to commence shortly. 

An Indo-Riissian agreeraoit for the construedon of a 
steel plant with a capacity of one million tons per annum near 
Bhilalj Madhya Pradeshj 'w^fi signed in New Dclhi^ on 0 February 
1955. A British group has offered to erect a third steel plant. 


PRODUCTION OF SIREL IN INDIA, 1911-^ 
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The Trade ik Iron ahd StEEL 

Dumg the fiw following the fust world war, toio-s*, the 
Indian ^pirc of those days imported pig aTd other 
the rate of about 31,000 ions yearly, 
S?n^!JS ‘thaitical with that of a stiU earlier dttadS 

times impq^ of raw iron have gradually shnmk into 
hundred tons which still appear in the 
^ pTobaWy represent special varieties ^^rted for 
p^cular purposes. While tWs c^age was t^W place India 
of me^lic iron, and even befo^?first world 
war had shipped her own homemade pitsduct to Burma, the Strai a 
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Scttlcmcnt3j Ceylon, Java, Manchuria, Ghina, Japaiii Atiabralia^ 
New Zealand, die Pacific Coast of the United States and South 
America, As a matter of historical importance it should be re¬ 
corded that during the ficst world war the export of both iron and 
steel from India w'as prohibited by the Gov'cmmcnt of the dayi and 
the whole output of steel rails ta^en for use in the campaigns in 
Me^potamia, East ^ica, Palestine and even as far away as Greece. 
Shell steel w'as supplied to the Indian munitions lactoriea, and both 
the iron-producing compames then in existence made ferro-man¬ 
ganese on a large st^e.^ Post-W'ar conditions interfered for some 
years w^ith the resumption of the export trade in pig iron on its 
fomicr seale^ but it slowly recovered and averaged some 379,000 
tons per annum over the decade ending 1933* and rose to over 
half a million tons (5i9i®5^) yearly In the next tjuinqucnnimii, 
* 934 "®- The years of the second world wtit witnessed a decline 
to ^ annual average of 442,600 tons over the years 1939-43* foUow- 
ra by an exceedingly steep drop to &5*466 tons* the average for the 
three years 1944-6* while the average for the two years 1940 and 
1949 but 49/3^3 tons. The record year was in 1040 when 
tons of pig iron wxre shipped abroad^ Of the grand total 
of 0*86Oji66 tons of pig iron, valued at Rs 37*07*01*330^ exported 
durmg the 23 years 1924-46^ 48 * i per cent went to Japan, 32 * 2 per 
cent to lh^ United Kingdom* 11-5 per cent to the United States 
of Ajn^ica and the remaining 8^ 2 per cent to many other lands* 
including China and Germany* 

^ ^he details given in the table opposite demonstrate, India 
still impons vast quantities of capital goods in the form of iron and 
steel pillars* g^ders* bridge work, bolts and nuts, nails* hoops, 
^ips and fencing nmteriaLs as well as railway track materials and 
tttngs, to say nothing of macKinefy of all descriptions and eoti’' 
sumer goods such as cutlery and hardware. In the pre-war quin- 
queuniiu^ * 934 "®j these cost the country about Rs 2 ( crorcs annual- 
^ excluding what was spent on railway plant and roHing stock- 
thc^en yeara 1939-45, the total value of such imports was 
still over Rs 17 crores, and on the conclusion of the w^ar the figures 
rew to considerably more than Rj 35 crores in 1046, Taking 
labncat^ iioq and steel article alone* and leaving out of considera¬ 
tion aD forms of machinery, hardware and cutlcTy, 273,852 tons 
imported annualiy over the five years *934'B^ contraction 
during the war was mevitablc and severe, but by 1040 such im¬ 
ports wem back to 179,000 tons and in 1950 had risen to 317*000 
mns, valu^ at Rs t6 creata. This expenditure* as Dr M. S. 
Itnshnan has j^tten. ‘ can be ebminated only by immediately 

Mpansion prognumne of the iron and 
^ mdustr>:*. The Five-Year Plan announced in July 1951 
totaff^*^^ mercase in steel production from the present annual 
tout of tons by 1955-6, Aether 

thia wiU then intent] d^nda r«oaiii to Url It b 


AVERAGE ANNUAL IMPORTS OF IRON AND STEEL, 1914-46 
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netthw a lar^ amount judged by the fact that * stee) forms the 
sieleton Rework within the body of modem civiliaadcin *, nor 
by la «|uivajent of 1,336,040 metric tons, compared tvith the iq>to 
producatm of o^ steel-making nations as mepresssd in meSc 
Untied States 87.7, the Soviet Union 27-6, the 
United Kingdom 16-6, Western Germany 12*1, Franu 8-7, 
Belgium and Luxembourg 6*2 and Japan 3-8 mlllioiis. As far 
as natural resources are concerned, India with her immense deposits 
of iron ore and mangauese (which is just as cssentiat in making steel 
™ *;*pand her ferrous Industries in any 
r desirable. These ^sources are far greater 

U^ih£« of any other Asatic country, A great and rapidly 

Her gec^phical posititm easy accessibiUty to the markets 
round the Indian and Pacific Oceans. Her itoiimastcrs, sted- 
f^ders and technicians am men of great metallurgical skJIt and 
ru^ e^ion in the 

MANGANESE 

_The world's production of manganese ores averaged about 
^b5O,0TO tons peranum over the five years 1934-8 and in norraai 
times the derreuid for the ore rises and falls with the fortunes of the 
iron and st«l industry, m which about 90 per cent of the output 
consumed; a further 5 per cent Is used for non**ferrous alloys and 
remtunder for chemical purposa. The world’s output of steel 
tJtpan CO npom a^ut 13 million tqsna per annum in i8m to over 

of^rs the 

aimual yield of manganese ores Increased from less than half a 

which"*“ million tons, a march of progres in 
iMugancse ore dcpcksits played no lucuusiderable 

“T* i” ^ manufacture of pig iron, the 
e iiscd chiefly m the form of ferro-mangancK rmd splcgel- 

a^as a punf^g ^nt m deoxidizing, desulphurizing anr^re- 

^1’, P-^otmrd these fodispen^ble func 

bons, most, but not of it, passes into the waste sl^ For these 

I "^bstitutc. To^he geniis of 

J. M. Hrath, a servant of the East India Ciompanv who rcsiened 

the iron and stS^diistry in Sitb 
Ind^ sn due there earliest successful experiments vrKi^aJ^« 

tion&d dJ'stS'fo/^i^ authority, completely iSSlu- 

woJw SLiS Iv n 7 f it of the whole 

around iSh "^gancse, usually ranging 

from 1** m fffi ^gh-tcmi e stroctural steel may c^talS 

Sir Levi,t» F^r... ^ ™ *^'9 t® i -2 per cent. 

«me no 10, or bigh^de manganese ore are necessary. 


vancanese aoj 

Manganese sleds with ti or 13 per cent of the metal b«E(fea 
^ pracu^Jy non-maenetic, are exceedingly hard Sd 
qi^ties which account for their usa in m^y tyocs ^ 
mdW, dredging and digging inachinery, such cnS£ 

burets and tumblcn, excayatop and railway and iRanroad po^ 
and croflAmgSji as well as m, Light armour for airiTra.ff smrJ mr’ia 
^clo as itEeihelinets Manganese also enters into the com^j. 
non of a nimibcr of alloy steels containing chromiuin oicLcl^d 

4 cw 5 per cent of the meiaL Manganese bronze ’ is a hie^nSe 
brass, t^ghent^ and strengthened with 3 or 4 per cent^mfST 
n««, which resists corrosion and is used 4 marine engineeS 
propeUtKS as well as in the chemical and breStr^^.! 
^oU«, Jlof or cooler wid. 8 >„ ptr 
4^ cent of mdieC » drawn into wires for electrical 

oomm^eial manganese^umhaum alloy, containToTr^ 

fa T ' -“S per cent mangan^ 

IS used in the manufacture of aircraft tanlia. hollow warr. 

bodywork of transport vehicles; another with 4 per cent mpiS' 
0*5 ^ ^t magnesium and 0-5 per cent manganese has 
lai^y u^ m the construedon of many types of aircraft, espeeSj 
whTO dad with a coating of pure alumitiimn. «P«iany 

The peroxide ores of manganese are the starting-pomt in the 
manuracture of the metal laelf by the aluminothemS ^ 

ronw of the Indian ores of this type yield a satisfactory wmmi-dS 
g^efo Without recourse to wet chemical methods^ Their 

^icf tis^ however, is in the make-up of dry batteries and cells of 
^ Lec^ch^ tyjw, m which they act as depolariEcrs, They can 
be empl<^ in the manufacture of bromine and iodme-^tain 
oigamc chemicals, as weU as the disinfectants sodium and potassium 
permanganate and sodium manganate. Manganese ores have 
been in use m India from very early times for colouring glasses and 
cnamch grem, violet, brown and black, and they are still emptoved 
woughout the world both as doCDloriziiig and as imdqgagetii,. In 
Che formCT caw the right proportion of manganese neutralizes the 
p«n colDim due to ferrous salts free under Glass Sahds); in the 
J^r they impart purple, chocolate, grey and black colours to the 
bodies or the glares of bricks, tiles and pottery wares. Certain 
oimnic compounds of manganese are widely used in the paint oil 
!md vanush industries as diying agents of vegetable oils, Fhialiv 
the sulphate and acetate of manganese are valuable femUzeix’ 

especiaUy for neutral soils and for alkaline soils which are deficient 
in available manga uenoent 

HtSTORY OE THE INDUSTRY 

Tlie l^ian manganese industry dates fimn ifigi, when a syndi¬ 
cate was formed to open up the Kodur deposits of the Srikakulam 



MAP IX 


MANGANESE 

ORE-BEARING 

AREAS 





1 . PANCH MAHAUS 
(Bombay) 






•i£<4 


a. BOLANGIR (Qrim) 


Scale of Inscu 



la. MADHYA 
BHARAT 



3, SANDUR (Mysore) 



4. MADHYA PRADESH 

















































GOA & N. KANARA (Bombay] 



6 . GANG PUR 
BAMRA (Onssa) 



7. MYSORE 


_L 

76 



8. BONAI: KEONJHAR 
(Oriaa) & SINGHBHUM 
(Bibar) 



9. SRIKAKULAM (Andbra) 



10. KALAHANDI • 

RAyAG.M)A (Qrisw) 





















































^10 


FERROUS HfeTALS 

iDcluding holldjiditep jacobsite^ Aimpant<; and pyroLuaitc. Tkc exact 
chejnical constitution of some of these minerals is still uncertaiDj 
but paUomclane, the most abundant of all Indian manganese 
minerals, and^ with braunitei forming probably at least go per 
cent of the exported product, includes mth psilomeLatie proper^ 
a manganate of manganese and barium with essential watcr^ and 
cryptomelaneT a manganate of manganese and potassiium It is 
probable that both components are pr^ent in the Indian mineral 
usually termed ^ psilomelane * and tls content of metallic man¬ 
ganese may be as low as 45 per cent or as high as 60 per cent, 
Brauuite is a twin compound of the oxide and silicate of manganese, 
^MntOa.MnSiO,, often with pan of the manganese in the oxide 
replaced by iron. After psilomelane it is the most abundant of the 
manganese ores of India, with 52 to 58 per cent of manganese and 
fn>m J 10 10 per cent of iron. Hollandite is another manganate 
of manganiacj iron and barium, cIo«ly approaching psilomelane 
in compwdonp but differing from it in being, as a ruicj anhydrous. 

It Contains from 45 to 56 per cent of manganese and 3 to j per 
cemt of irom Jacobsite is a member of the spinel group of mlncTab 
with the chemical formula (Fe.Mn,Mg)0.fFe.Mn)j|Oj| which when 
intergrown with hausmannitc* the oxide of manganese 
(manganese 72 per cent)j forms the ore known in India a$ i?redcn- 
burgite. Sitaparite^ another Indian speciality, is thought by some 
mineralogisa to be a relative of bixbyite, MnO^eO, with lime; 
others give its formula as (bIn.Fe)aOa '^ith CaO, containing 44-09 
per c^t of manganese and t 9'32 cent of irom Fyroiusite is 
the dioxide of manganese usually with a JiitJe ^-ater; it ia some- 
timna pseudomofphous after manganitc, but with 

the atomic structure of poJLauite, another dioxide, and It contains 
63 ■ 2 per cent of manganese. 

The bedded manganese ores of India, like those of Braxili the 
Gold Coast and South Africa which are of similar Archaean age, 
^veie originally sedimcntSi some of which cootained varying pro- 
pordciiis of manganese. As a result of regional movementSi and 
prolbiind metamoipliiim intensihed in some cases by the contact 
effects of bter ininisiom, the primary sands and clays were changed I 
into quajtxiteSj phyliites, and mica schists; the purer manganese- * 
bearing sediments into crystalline manganese orea and the mix- 
tnres into ^the distmctive^ rocks to which Fennor gave the name of 
gondltes True gondite is a rock made up of the manganese 
gaj™t, speasartile and quartz, but spessartitc rock itself, rhodonite 
r^k ^and rhodonjte-quaxtz rocks arc also 1:011110011; rhodonite being 
the silicate of man^nese bfnSlO^v Smee their discovery in India 
gondites have been idmtihed in both the Gold Coast and Brazilian 
m^gancse ore deposits and, apart from giving clues 10 the artght 
of the onesj they are important because as a rKuIt of surfecc 
changes ihc>^ can giw riie to depo(sita of manganese 
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In Madhya Prridiah pardcuLn-Jy, but to some extent dseuhere 
the pn^val sedimeno were rich enough to form Ores 

oJ the hrauni^ 5 itapan(e.holJmidite type, possibly with pyrolusite. 
OT mctamorphisin, while some of them, intruded by pemnatltcs. 
have recrystallized as braunitef the jacobsite-hausmannite tyaa 
of ore may ^ve had a siimlar origin. Under the prolonged acd^ 
of weathering, aetmg dowmvards to considetable depths the 
manganese minerals mentioned have been laigely altered to psilo^ 
mclan^pyrolmite mixtures while the rilkatisof the gondites Ihem- 
sdves hAvts yielded psilomelane, pysrolusite and possibly brauniie. 
These are not theoretical speculations, for the various stages in the 
n^orniatj^Dus are often dearly vkible, and the oreQies well 
^ded a they are to the prevailing rock iirike, can be seen passmg 
mto fresh representatives of the gondiie series. ® 

In the Nagpur-Balaghat r^on the orebodies fem lenticular 
losses and brands mtcreaiatcd in quartzites, schists and gneisses, 
o^ disp^ along the same hue. as. for instance, in the Naronr 
dutnet where they stretch from Dumri Kahm to Khand^ a 
distance of twelve miles, and include the tenable deposits of 
dongri, Lohdongri, Kacharwali and Waregaon. They frequently 
attam huge dimensions. Thus the Baiagbat deposit is r | miles long 
another at Manegaon, in Nagpur, imJcs long, while the baiS 
ruiHiinz through Jamrapani^ Tirodi and Ponia* in Balaghat. is 
exposed mote or les continuously for six miles. Equally impressive 
are the large amounts of ore yielded by some of these single deposits 
and p^cularly by Tirodi, ftdagbat, Chikkla (in Bandham). 

Mansar (m Nagpur) and Kachhi Dhana (in Ghhindwara) 
which by the end of 1938 had given 8,119,921, 1,881,59.4. 1,158,416' 

983,814 tom respectively. Many of rbem 
tmginally formed small hills which favoured exploitation by the 
simpler forms of quarrying. Indeed, most of the ore ts still won by 
open-cast methods, ranging from shallow surface workings to deep 
qi^ia, and at only four localitia has it yet been necessary to 
adopt imderground methods: these are at Kandri and Mansar in 
Nagpi^, Bharwali in Balaghat and at Shivrajpur, in the Panch 
Mahals of Bombay. Diamond drilling at the Balaghat mine in 
1949 and 1950 has proved that orebodies of these types extend to 
constdeirable depths, and contain ores of excellen t quality to 
depths in sufficient quantities to maintain outputs for very many 
years to come. Gondite ores generally are of the first grade with 
a mang^anese content of over 48 per cent, together with moderate 

second-grade material containing 45 to 48 per cent 
of the metal. -r- r 

■nic Boanganese ores of the second group are associated with 
me koduntes, a name given by Fermor to a series of rocks, found 
in the Srikakulam dis^ci of Andhra and in Orissa, associated 
with other crystaUinc Archaeans, and ranging from ultra-acid 
types such as quartz-ortboclase rock at one end of the series to 
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ultrabasic varieties at the other. Topical JccxJuritCj the bask 
member of the series, is composed of potash feLdspar^ spandite (a 
garnet Intcmiediate m cotnposition bctA^c:en the manganese garnet^ 
spessmtitC:, and the caJdum-iron gamet, andradile) and apapte* 
The eatact origin of these rocks is doubtful and varied opinions 
about them have been advanced by” Fennor^ P. Sampat Iyengar, 
Duim and others, but whatever it may have been* they have been 
greatly altered since their formationi with the production of litho- 
margeSj manganese ores and secondary products such as chert^ 
ochr^ and wad* Their orebodies are commonly extremely Ir- 
r^ular, but occasionally, as at Garbham in Srilmlniiam, 
possess a wellnicvdopcd dip and strike* Some of them are of great 
siEc; Garbham itself was the largest, with a length of t,6oo feet 
and a width of 167 feet at its thickest section, top feet of this being 
ore and the remainder lithotnarge and wad^ between *896 and 
1938 it gave 1,010,561 tons of ore* The Kodur deposit of this 
group, with an output of 417,711 tons between and 1938, has 
the distinction of l^ing the hm to be mined in India* The ores 
gcne^al^y are for the most part psilomelane with subordinate 
pyrolusite, bmunite and manganmagnedte ((Fe.Mn) O.Fe^OJ^ 
thou^ at Garividi the mixed Jacobsite-hausmannite, known as 
vredehburgitc, occurs. They ate, as a nde, second- and third- 
grade ores characterized by high iron and phosphorus contents 
and comparathely little silica. 

The lateritoia dcptisits aj^ secondary surface replacements, 
often found on rocks of Dharwar age, riKcmbling laterite In thek 
irregular structures, their radiating, botryoidal and stalactidc-iike 
habits easily betraying their odgm. They m^riably contain high 
percentage of iron and often grade through femiginous manganese 
ores and manganiferous iron ores into iron ores proper* Thek 
manganese mineral are pyroIusitCt psilomelane, wad (soft amor¬ 
phous mixtures of impure oxides of manganese, passing into psilo¬ 
melane) and, more rarely* pfietido-mangnnhe (MnjOi.HiO), pass¬ 
ing into pyrolusite: their iron contents take the forms of limoiute 
and earthy hnematite. The chemicat characteristics of ojpk of 
this group are high Iron, low manganese, low silica and often very 
low phosphorus contents, and they are usually classified as second* 
grade manganese ores and thi^-grade femiginoiis manganese 
ores. They have been won for the most part in Bcllary district, 
cnee part of Madms but now in Mysore, where on one property 
alone, that formerly of the General ^ndur Mining Co* Ltd, A, K* 
Dey has estimated there are sdll about 800,000 tons available- 

Of the replacement or segregation deposits, which often underlie 
such irregular lateritoid deposits, those of Dhubna and Jampani* 
in Keonjhar, arc goad ex^plcs* Here, lenticular bt^es and 
pockets of ore, up to 400 feet inlcnglh and to to 20 feet in thickness, 
containing reservTs of about half a million tons^ have been formed 
at the junciion of shales with haematitic iron otcSh The low'cr 
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grade ora of the UHgumma z^tndaH of KaiaKaodip on the other 
handp are associated with khondalite and h>Tpeir5thciie-beariiig 
rocltSj but in the Kaahipur area there inay be about lOOpOOO 
iQii 5 of better quality material. Thin veins and small lenses of 
psilomelane occur in a shear zone in steeply dipping Cumbum shales 
near Janapalachenivu in the Kumool (Hstrict of Andhra. The 
manganese ora of Goa occur as pockets in manganiferouSp fer¬ 
ruginous shales enriched by lateritization and rccahing similar 
deposits in the Jamda area of Singhbhum. A fair proportion of 
the ores from, the Sanguem district are of chemical grade with low 
phosphorus and silica couEcmtSi In the Bardez^, Sanguetn and 
other distnets of western Goa^ niangaiiEse ora associated widi 
high-grade iron ora are mined from thick iaterltc fomiattom. 
Over the years 1947 to 1949, *f naangan^se ora were 

wen m Goa. Several small scattered occinrenccs of manganese 
ores arc known in the adjoining districts of Bombay^ varying tn 
the amount of their reserves from about 10,000 10 t^OjOoo tuns.* 

At Hopongp in the feuthem Shan States of Burma, 3,000 
tons of ores of a py^Iusltlc character were won by the Japanese 
during the occupation, and a further 3,000 tons approximately 
were produced in 1950, One orcbody 11 about aoo fret in length 
with a width of 50 feet or so of good ore and appcaia to be sur¬ 
rounded by material with a much higher iron content, and then 
by soft, mang^ferous earth containing some limestone and traces 
of rhodochrosite. Other occurrences probably exist in the same 
neighbourhood and seem to be related m ori^ to the residual 
iron ore deposits of the inru f^sa of the Shan States. 

Indian cftOs containing over 48 per cent of manganw are clasai- 
6cd in the first grade, those containing between 45 and 48 per cent 
in the second grade, and ores with less than 45 per cent as third- 
grade materi^^ In Bihar, however, this system is not adopted 
and all ore with less than 48 per cent manganese is either sold at 
second-grade prices p or marketed on its analysis. Some qualities 
ranging down to 33 per cent of manganese and up to 17 per cent 
of iron are dJ$pciscd of as manganese-iron ora to Xht iron and steel 
Tnan ii fa cturers. Analyses of typical ora as shipped in 1946 are 
given in the table on p. ^14^ 


The Indian Manoanese Ore Trade 

Indians chief competitors in the manganese ore trade of the 
w'orld for many years were Russia and Brazil, but entering the 
business in T891, ithe had displaced Russia from the leading posi* 
tion by 1907, with a pn^uction of 903,291 tons, and continued 
to maintain her lead until igia, when the relative portions of the 

* In Wot Pskislattp four im^l dtpoiits of kiw^^gradc nuwigijiese oMj eonuln^ 
mg ^ lotjil otim^Lcd qiuinlJt^ df Kimc ^oovWQ tons, b*vie b™ kcstcd recently 
in the Siales of Lu B^a and KaJat, jKceidiag tn tbe E-fLAFB Keportp 1953. 
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two cpuntrifis were reversed. The first world war (1914-18) 
paralysed the Russian mdusoy and affected the Indian one to some 
enentj while Brazil and the United States greatly improved thejrsi 
though iimiffieitntly to oust India from the premier poflition which 
she had rcigained in igi6. During this period, 1914 to igiB^ the 
average anniial output was 577,457 tons, but exports were limited 
by shipping shomgta $0 that by igig over 300,000 tons of ore were 
stocked in the CQuntr>^ It was about this time that a number of 
new competitors appeared, particailarly Egypt, Cuba and the Gold 
Coast, the ore from the kst being in part first-grade quality with 
51 to 52 per cent manganese. 


ANALYSES OF INDIAN MANGANESE ORES 
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In the first quinquennium following World War that is to 
say OHi'er the ye^ 1919 to 1925, India maintained her lead with 
average annual exports of 624^635 tons, compared with Brazil^* 
^ 97^97 ^d Russians 170^000 tons, while Egypt and the Cold 
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Coast follo^ved closely in the fourth and fifth places. Improve¬ 
ment continued over the next five-yearly period, ^9^4 (o ^928, 
With an annual average production of 953,037 tons and a peak 
of 1,139,353 tons in 1937, but the Russian industry was remvering 
i» lost ground, rising to an average of 730,379 tons, while Braail 
fell away to 363,675 tons and the Gold Ckiast occupied the fourth 
place with 353,333 tons. 

The yeans 1939 to 1933 were particularly remarkable, for fiom 
the worlds highest recorded output of 3,598,343 tons in 1030, 
production slumped to 1,318,879 tons in 1933, the lowest fimire 
for many years. The results were disastrous. The Indian annuyl 
average dropped 41-4 per cent to 558,596 tons, the Brazilbn by 
50 pCT cent to 137,175 tons, the Gold (>»ast feU to 379,947 tons, 
but Rimia continued to recover and finaUy displaced India finm 
bv leading posituwi. It was during this period too, that South 
Afi^ca, another fonnidable competitor of India, entered the world’s 
markets. By T93S the collapse of the trade had reduced the level 
of Indian production to that of 37 ypua carltcr and while the out¬ 
put in 1933 (318,507 tons) was a littfc over one fifth that of the 
peak year of 1937 (i,i 39 i 353 tons), its value (£133,171) was about 
one twfoityrsecond part of ^ same (£3.703,068). It is not sur¬ 
prising that a number of mines were closed down and some com- 
panics forced into Uquidation. 

Pirosperity retimed in the next period, 1934-8, when india’i 
annual averag^ tonnage mcreased to 776,151 tons, with a new 
peak of production of t,051,954 tons in 1937 and exports of 1*151,834 
tons in that year* a record not only for India but for the wortd* 
Notable loo was the rapid rise of the new port of Visakhapatnam 
p^ixagapatam), which from 1935 took the lead as an export¬ 
ing harbour and was follow^ by Calcutta* Mannagao and 
Bombay. 

The effects of the second world war were not ttrikingiy 
marked over the yeaix 1939 to 1943, annual average 

tOMa^ remaining much the same at 771*471 tons, hut thereafter, 
shipping difficruhics and shortage of rail transport bccaw acute 
so that output for Ae three years ending 194& averaged only 
378,160 tons. An unprovement was registered in 1947 and 
1948 and the quinquennium dosed with an annual average 
of 363,3 77 tons. 

The years 1^9 and 1950 were prosperous ones again, as the 
rearmament projects of the Atlantic Poweis* with their concomitant 
demands for greater supplies of steel, as well as rtock-pUing opera¬ 
tions particularly tn the United States of America^ gained mo- 
mentimi. As a result there was an increase of almost 33 per cent 
from a drodnetion of 535,876 tom In 1948 to 845,835 tons in 
J&49* foUowed by a further expansion of nearly 40 per cent to 
901^609 tons in 1950 and to a new record of 1,383,929 tons 
in 1951, 
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Of the 16*253*000 tons of mangaDCSC ore shipped firom 1S95 
to 1931, but excluding die exports &:>in MartnagaOp in Portuguese 
India* the destinations of Vphich arc not known, exactly 40 per cent 
went to the Uniicd Kingdom, 21*3 per cent to Belgium* *7-16 
per emt to France and 15-38 per tent to the United States of 
America. The countries talc ing smaller q uantitics Included: Holland 
2 * 11 per cent, Italy i ^ 16, Germany 1 - 39 and Japan 0*71 per cent. 
Betwtren the years 1932 and 1^6, a Jurthcr 7*727,000 tons went 
to foreign lands, and of this quantity the United States received 
37^9 per cent, the United Kingdom 24*4* Japan tS’i* France 
10-7, Belgium 6-41 Italy 1-6* Germany 0-7 and other countries 
3^2 per ccut^ In these figures the shipments Grom Marmagao are 
iocludcd from 1942 onwards* Exports to enemy eoimtries ceased 
with the Second world wax, and the most noteworthy features of 
the liVar pericNci were the decline in exports to the United Kingdom 
and their increase to the United States* a feature of the trade which 
still eou<^ues, fat of the 1,601*450 tons exported in the three years 
1948-50 inclusive, just two-thirds was destined for the United Statea 
and approxima^ly oac^third to the United Kingdom and other 
coimtHcs. During their brief occupation of Burma* the Japanoc 
are said to have mined some tons of manganese ore Grom 

a surface deposit in-the Hopong State of the Southem Shan 
States^ but little is knowTi at present of the nature of this 
occurrence* 


hfadhya Pradesh is by far the most important producing region 
and was responsible for no less than 6g per cent of the total Indian 
production 0131*685*758 tons up to the end of 1950; Madras includ- 
mg Andlua cimie next with 14^5 per cent and W'as followed by 
Bihar Oriwa with 7*8, Bomhay with5-4^ Mysore with 2'6 
and hfadhya Bharat (Central India} with 0*7 per cent of the 
total, respectively- 

pf^^^^perity of the export trade* apart from its ability to 
Qfui\xT manganese ora^ at the sea-pqrts at competitive: market 
prira* in India is largely a question of labour costs and 

railway freight chargies, dqjends entirely on the world^a demand 
for stecL There 15 no better illustradon of this than the prevailing 
conditions of the great depression of 1020 to 1033: in 1020 the 
wrldi output of sl«l ha/reached iiB miUionlSis, the highest 
gure recorded up to that tune* and the world’s output of man- 
ganesc ora attained a record of 3.598,343 tons, to which India 
contributed 994,379 tons, or H7-6 per cent* By 193a, the world's 
steel production had dropped (o 49 -7 million tom and the world's 
output 01 manganese ora to t,a 18,879 ‘ona, of which India’s share 
was ai3,6^ tom or 17.4 per cent. Over the same period the 
™»igancsc ore fell from 14*0 pence per unit in 
_ 9^9, o gj pCTCe per unit in 193*- la the samo manner the 
imprevc^t in the Indian trade which followed later was but 
a rellectjon of the revh^ in steel manufacture, itself acederated 
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by tht preparations for wat, mcreased, then as riowj by the pur¬ 
chases of ri?scrves of minerals of mtinitions value which nauons 
collect for use in emergencies. 

The reserves of high-grade manganese ore In India have been 
conservatively estimated at iB million tons, while lower-grade ores 
may amount to twice this quandt^\ In aU probability appreciable 
increases will have to be made in these figures^ as the diamond 
drilling campaign initiated of recent years in Rdadhya Pradesh is 
extended both there and elsewhere, not to mention the possibility 
of entirely new discovmes. 

Indja^B first concern is the conservation of svifiioient supplies of 
high-grade ore to meet the demands of her own expanding iron 
and steel industry sjid steps have already been taken m this direc¬ 
tion* For the year 1950^ a target of 700,000 tons of high-gr^e 
ore was fixed as the official maximum quamity against which 
export licenses were issued, chough the export of lower grades was 
permitted without limit* If rcqmpements in the next few years 
are placed at no,000 tons per annum, or double the pre-w-ar 
consumption, there is more than enough for many yean to come^ 
but the more distant future must be borne in mind, as it is within 
ihe country's power to become a very large producer of stceL This 
is the pToblem which must uksmately decide how far it is desirable 
for India to compete in the world's market for manganese ores. 
Here, it can only be stated that India is expremely unlikely to suffer 
from a shortage, that external demand will always be k^n when 
the world needs steel, and that there la no apparent reason why 
the industry should not surpass its former of production, 

provided that the long-term planning authority of the State con¬ 
siders it politic for it to do *0. Stricter attention should be paid 
in future to the introduedesn of modem concentration methods, 
to recover ore from low-grade materials and from the s^U heaps 
which have accumulated fr^om the wasteful methods of the past* 
Finallys the most profitable possibilities lie in the production of 
foTTO-maiigancsc in India and its export in that form raiher than 
as the raw ore. As Dr J. A. Dunn pointed out:" With low man- 
ganesc^re production costs and low freight charges, India should 
be able to compete in the ferro-mangan^ trade/ 

Fcrro-Mahoanesk 

Over forty years ago, in 1909, Sir Lewis Feemor wrote as 
foUowx: ^ There seems to be room for a handsome profit in manu* 
facturing ferro-maDganese in India," yet it was not until October 
1915, and On account of the increa^ in its price caused by condi¬ 
tions during the first world war, that its manuiacture was com¬ 
menced by the Tata Iron & Steel Co* Ltd, and in November of 
the same year by the Bengal Iron Co* Ltd* The production of 
the alloy in India since that time is 5umniaiT2ed below : 
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Total 

ToSfKAtfE 

pERttlb 

Total 

Tohnaoh 

19 'S -»8 .* 
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16^956 

4X.338 

30 .^ 3 t 

* 959-13 -■ 

' 9 Mr» 

’&«-ao .. 

49>V^ 

7i.im 

5 iM® 3 , 

■ 3 *. 5 i 5 S 


me nmj ca me imtiaii *tccJ influEtry b baUticc ftf 
^ of Amcric, 

t P^ucuon of the Tb[js Iipo «c Sled Co. Ltd <,iily„ 

t peat pr^uction wna ig^i wiih 31.5^ tonf^ 

^ Gp'^noit of IndU aulbi^ a Bombay fijtn 

Tiit™i^ fA /^encaa caUaboniiiaa^ a ferro-niaiagaiiesc pbmt at 
Ttmuar, to make 3 q,ooo unu annualljf, ^ ^ 

Q_Uiijititt«s of fcrr!>ia^gRn(3c are made m other 
coimtrjM; the Bntuh conjumptba alone is at present about 4c»,ooo 
litdy to rise to half a loillion tons; by 1944 
tn States was producuig over 700,000 tons per auaum, 

“ 165.000 tons of spiegeicisehand large 

amoimtt pf sihco-manganese. During the ^ yean Gemia^y 

^ rT Mn. fiLt>raang 3 M 5 e, 

lugher-Erade material annually, as well as 
d«^ ap«g^Hsen, and 340,000 tom of 
^ * '4 P« of numganese. a yearly total 

^ocs not mantdactUTe 

E phosphorus. To 

?j ^ the phosphorus content of ferro- 

foai^cse should not exceed o-1 per cent, althouRh o-fl oer cent 

siil^ ^’t- % the a^Sui sSSIon of 

whei^;^k^v ^ are obtaimble from Madhya Pradesh and ebc- 
™d£ld by eoal from the Giridih 

*‘® plw»pborus content of o-osa per cent, this diffi- 

r^iuremoita by the normal blast- 
wKeri thi* A / f to dp so La the year? to comcj 

its Jamshedpur plant alone « fria«ued from 

and when \h^ - e^teaadqs of the other steel work^ nxc in bcinfi^ 

Steel works come to fruidon 

«ao« Pt^uoion in the blast f«m^. 

Sy ^ electrical a« fumaoes. and it 

plcicly nverrozne ^uib c^^I “mid; be com- 

creome, tftough cheap electrical power would be essential. 
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Standard fctro^manpiiiese contains about Bo per cent of metaUJe 
manganese and 5 to 7 per cent of carbon^ the balance being mainly 
made up of iron; standard splegckiscn contains about 20 per 
cent of mangauese. Ferro-manganese made in the blast fiimacc 
may contain from 27 to 06 per cent of manganese and spicgtieiscn 
from 5 to 30 per ccnt-^ The products of the electric finmaee arc 
richer and may contain up to 95 per cent of mangiincsc. Other 
fOTO-alloyf of a similar namre made in the electric fkmacc are 
silico-manganesc and siLico-spiegel. Metallic manganese is used 
in the manufacture of allo>'a in which the presence of iron ia un- 
desirabtc, such as the manganese bronzes and certain copper-nicltel- 
manganesc alloys. It Is also employed as a dcoxidiacr in non- 
ferrous metallurgical operations, and is made commercially by 
reducing its oxides, either by the duminothennie process or by 
TTirang of silicon^ with or without sillco-manganese. An American 
process depends on the electrolysis of tnan^nesc sulphate Leached 
from low-grade oreSj and any or all of these products may contain 
from 97 to over 99 per cent of the met^. 

In addition to the quantiiies used in the production of ferrous 
alloys, manganese ores are also added to blast furnace charges in 
Indian iron works. The total amount consumed by the companies 
concerned for all these purposes up to end of 1950 was ^667,367 
tons. In recent years this consumption has averaged about lo 
per cent of their production—a fra^on which it is believed will 
increase in the (uture. It may be added here that in addition to 
the quantities required by the iron and steel work^ some 4,000 
tons of manganese or-s art used annually in India by glas manu¬ 
facturers and makers of dry batteries. 

NICKEL 

Nickel occurs in small quantities in the lead-ainc-copper-siLver 
ores of Eawdwih in the Shan States of Burma, and in the coune 
of the smelting operations which were carried on at Nam Tu, until 
the in^-^aaion of Burma by the Japanese in 194®^ it was recovered 
regularly m the form of a speiss. The mineral giersdoriEte. a sut- 
pharsenide of nickel, NLAsS, is the principal source of the elcineat, 
for A- Dunn detected it under the microscope in almost every 
example from a collection of more than sixty specimens of lead- 
zinc ores from various parts of the great Bawdwin orebody^ Thetu 
are two variedes of gn^orffite, designated as itipks and and 
the latter by loss of sulphur can graduate into chloanthite^ the 
diafsenide of tiickel, NIAS|, which in its turn may graduate into 
smaltite, the comesponding dlarsenide of cobalt, by isomor- 

phous mtcnmxtute. 

Regular returns of spciss production commenced in 1927* and 
from that time until the end of 1940, 45457 bem made, 

containing an catimated total of 13,223 tons of nickel, together with 


as2 


FEItR,OU3 UETAt.3 


la^ quanddo of cobalt, jilver and copper. The spaa waa 
shipped from Burma to Germany for treatmeat. 

AVERAGE ANNUAL PRODUCTION OF NICKEL SPE1SS AT NAM TU, 
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-AccdrdiDff to ^ Mdci Dqwmieni of the Govemmoit of Bi™* 
ubu of okkel fpcoi, dT unlatown eorapontion, wm prrxiuced in 1 ^ 51 , 

Niclel is a cotuUtucni of some importance in the copper ores 
of Singhbhum, Bihar, though the meta] has not been recovered 
from thm up to the present time. J, A. Dunn has stated that 
imhonte, the magnetic sulphide ofiron, is perhaps mom abundant 
than chalcopyrite itself in these Sioghbhum ora, and that it con- 
tajra microscopic patches of both pendandite and vio- 

p if™ tfre furmuke {NiFejs and 

(NiFeJiS* respccnvely. MiUerite, the sulphide of nitkEl. NiS, has 
also been idcndfred. 

_ Nickel arc also known to occur in Nepal j thus a vein crop* 
ping out at Bhor e. near Nangre, has been traced for 3,500 feet and 
h« been worked by the local inhabitants tn places to a depth of 
&Dout too feet. Its avexage nickel contentp according to G. 
Jhmgnm, is about a per cent, present mainly in thTfonn of the 
diarseiude, chloanthite. NiAs„ associated with which are cobaldte, 
the sulpharsenide of cobalt, GoAsS, traces of zinc and some bismuth 
compounds, 

cobalt in the pyrrhotite of the 
^etri depents of Jaipur, Rajasthan, was proved by F. R, MalleL 
j also occurs in the mized sulf^iide ores (pyrrhodte, pytite 
^ chaleoppstri of the Tovala taluk in Travarw^ b th^^* 

quam veins of Kolar, 
SKrT^t!!' v** ^ Krpeatines ofPai Khd in Wazlristan, 

at Rainin Ri v**^*™^* minerals have been found 

Khaleni, as %yell as in the vitinity of the 
m^ of Samples of copper ora from Se Riasi 

(akil conuun up to i ■ 68 per cent of nickel ™ 
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The attnounccment of the discovery of large deposits of gar^ 
nieritc, a hydrated silicate of magnesium and tuclcd, in Singhbhtmi 
in 19S4> been confirmed^ but S. K. Bofooah has described 

aaradte, a haaie nii^d carbonate, NiCO^ iiNi(OH),. 4HaO, from 
the chromite deposits of Nuasahi in Keonjhar* It is a green earthy 
miner^ found m the gangue and in the intsipaces between the 
chromite grains themselves. This chromite contains o* 3 per cent 
of nJckel and 0-6 per tent of cobalt. 


Uses of Ntcerl 

In 194S the w'or1d*3 constimpdon of nichel* outside the Soviet 
Union, has been cstimaied at over 130,000 tons and in 194B the 
wOTids prt^ddtion., allowing 35^000 tans for the Soviet Union, 
been given as 149?^^^ tons though the data arc admittedly 
incomplete. Some 60 per cent of the tote^l consumption Is said 
to M employed in the prcpamtion of nickel alloy steels of various 
kinds while nickel plating is the second larg^ field of usci though 
no^c^ys generally as an undercoat to chromium. Pure nickel is 
to ^ found iQ the con^ge of no less than thirty-suc countriBj in- 
ciadmg Mtne of the coins of the Indian Republic. It is also used 
of vessels to withstand corrosion, either alone or 
^ nj{;^|-elad steel; to build up wom machinery parts by electro 
epjwition; m radio valves and in depth soimders. 

^ ickcl nnproves the strength, toughness and hardness of steely 
inaeasingmu^oTtnity, rdmbility and resistance to fadguc, shock 
an wcar^ Taken at one time for the production of amtour plate 
anu armaments generally^ u was widely regarded solely ^ ^ 

Tiirttri k 9 P" cent of nickel find widespreaid uses in 

^r™ti j ‘ (ractors, ctcavatoi?, oil-well casings, 

^ rT^l ■ and indeed m machinery of almost 

Th* statnJess nickel steels with a to a 6 per cent 
’^I^U-known t 8 /B variety (see CMitO¥iuM}, 
po^ outstamhng corrosion nsistajice and, finding applications 
in many mdustnea, arc one of the major outlets of thenw^. Still 
mckfi! ^d chromium give the heat-resisdng 
and so stokers, diesel engine valvm 

ciminm. ftn ' tuclttl-cliTomium alloys, such as one which 

htith scalin ^*1 P® of chromium, have 

eSnlo^f Ti which accoimis ^ their 

elements of electrical furnaces, fires and 

Co are'^iitlltll^'^**’ ■ ‘ Ntmonic ' alloys of the Mond Nickel 

^ ^ loistance to high stieases, high 

cmployeTin jet alrcrS 

strenBriTelS^ ? prt«lucbon. Their very superior 

strength ai elevated temperatures makes them the stroi^iat af the 
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nmtmals available for the blading of gas turbinca. Another alloy^ 
known as * Inconel conLainlng ^ per cent of nickch *4 per cent 
of chTomiujii and 6 per cent of iron* finds its dbief applications in 
the food-processing and chemical industries. 

Ferro-nickel alloys display wide variations in dieir magnetic 
and thermal properties, dependent on thdr conicnt of nickel. The 
non-magnedc alloys, with fl to 27 per cent of nicketj, are useful 
materials for reducing losses in electrical generating plants tmns- 
fomiers and motors^ The magnetic alloys, with 35 to ^ per cent 
of nickel, find their way into telegraph and telepwne instrumentSi 
submarine cables and radio equipment;; odiers by reason of their 
predictable behaviour on heatmg find a place in thermostatSt 
circuit breakers, gas supply controls^ overload devices as well as 
in air speed and altitude indicators. Certain special steeb con¬ 
taining nickel, aluminium and cobalt possess twenty-five dme5 the 
magnetic strength of carbon steel and are employed In loud speakersj 
sni^l motors, radar inSLmmentSj telephone receivers and deaf aids. 
Nickel steel with 36 per cent of nickel, known as ' Invar expands 
and contracts only 10 a very minute extent with changes of icm- 
peratnre and is used in measuring tapes, chmaometers, etc. 
Another alloy has much the same expansion as glass and can take 
the place of platinum for * lead-in * wircs+ 

Nickel improves the strength^ toughnras and structure of grey 
cast iron, and such alloys are employed as beds for heavy machinery^ 
cylinder blocks and heads; added to white cast iron, in amounts 
of 4 or 5 per cent, it imparts high wear-resistance and hardness, 
conferring at the same time an ability to withstand severe wear and 
abrasion, such as are met with ki components of rock and ore 
crushers, grinding mills, ball mill linings, brake drums and metal 
rollers. This alloy is known as ^ Ni-h^:d ^ Other alloy irons 
combine the effects of nickel with those of chromluni^ molybdenum 
and other elements and arc made to meet special requirements in 
mechanical en^ecring. 

The nickel^opper alloys mdude " Monel metal % which con¬ 
tains about 68 per cent of luckdj 30 per cent of copper with a 
little Iron, and is made directly from Its ore without prelimmaiy 
separation of its two chief iogredieiits. It tcsemblo silver in 
appearance^ is superior to brcin2e in durability^ equals steel in 
strength^ Is amenable to both hot and cold working, resistant to 
chemical attack, and, consequently, has a very wide range of 
industrial applications—from house roofi and shop fronts to the 
parts of aircraft near the compass, for it is nonmagnetic; from 
turbine blades and pump bodies to the canning equipment of food 
factories; fkim sinks and soda fountains to pulp and paper mills; 
from the pots and pans of the kitchen to the evaporators of the chemi¬ 
cal factory and the finishing machinei In dye works and laundries. 

An aJloy with ^o per cent nickel and 60 per cent copper has 
high electrical resistance w^hich changes little with varmtions of 
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temperature and acccunti for its use in electdcat apparatus^ 
Another alloy, vfiih about 30 per cent nickid and a small amount 
of iron m addition, to the remaining copper^ is a standard compe^U 
don for the condenser tubes of naval vcsseli and lar^ steamships 
and, indeed, for any other situation subject to ihc cartosLve effects 
of rapidly moving sca-tvater catr^'ing air bubbles in suspeiiaion* 
The addition of ^uminium to the brasSp and of iron to the cupro-^ 
niche] alloys formerly used for this purpose, has greatly lengthened 
the a\'erage life of these tubes, increased the steaming capacity of 
ships and the ti^tworthincss of their means of propulsion. These 
and related alloys^ find oudets in chemical, oil and power plants 
and are also used in munitions for bullet cnvelopcs. 

The 25 per cent mchd-copper alloy is a standard form of coinage 
in many CDuntries, including India, and in Britain where, since 
1946^ it has silver. Five per cent of nickel has been added 

to Indian silver coins since 7940, Other nickel alloys include 
* ludtel silver ", formerly knovs^ as * German silver \ a series con-' 
tainmg coppcTj nickel and zinc, with the nickel proportion ranging 
fiiom about 5 to 30 jkx cent, and varying the colour from pale 
yellow to silvery white as the nickel increases. They arc made 
into tablc^Vk^fe and decorative articles of many sorts as well as 
into flat springs for electrical coiilacis. * Silver Plate", or * E,P.N.S/ 
as It i$ often branded^ h nickel silver with an electro-deposited 
coating of pure silver. Nickel is also added to brasses and bronzes 
to imprm^e their wearing properties; for instance, the Indian brass 
coinage of 1941 contains 1 per cent of nickel. High-nJckel bronzes 
hav-e their place in steam engineering for valves, pumps, shafls and 
faeanng?. The metal is also a component of many complex light 
alloys 10 which il gives added strength and hardnm, $0 making 
them suitable for pistons, connecting rods and cylinder heads of 
aircraft and automobile engines and for the frames of motor vehicles. ^ 

Sn^l salts of nickel arc valued catalysis, especially for the 
oonvmion of liquid animal and vegetable oils into solid edible 
fats. O^cr applications arc in the cracking of petroleum, the 
purifi^tion ofci^ g^, the synthesis of nitrates, ammoma and many 
orgamc compounds- The suljphate goes into the iolu lions of nicJtel- 
plating baths; the hydroxide into the positive plates of mckel-irori 
and nickcl-cadmjum storage batteries. 

This is but a^skeleton outline of a most versatile which 

now plays a part in most modem tnduatris. 


Consumption op Nick^ in Impia 

Over the years 1934-46 the mints at Bombay, Calcutta and 
Lahore, the last of which, now in Pakistan, commenced operating 
in 1^3, consumed 1,991 tons of nickel, valued at Rs 88,35,637. 

W'as not available from external sources during the 
war period, 651 tons of cupro-nickcl scrap^ valued at Rs I2,99^493i 
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jmd contairune so per cent of nickd and So per cent of copper^ 
were obtained from the Indian Ordnance Department for the 
Bombay mintn 

Indian Imports of German silver and articles made firom it 
continued to grow until the war slowly strangled the trade. From an 
anniid average of 906 tons^ valued at Rs 14,36^362 for the five 
years ending they had risen to an average of 1^132 tonsj 

valued at 13^26^498, over the five years ending 1937-8- The 
next decade f 1938-9 to i947’-8) started with atilJ greater imports 
of tj748 tons in its first hut thereafter the dedine was swill 
and practically ceased between 1942-3 and 1945^^ This decline 
was followed by a rapid recovery and the ten-yearly period 
closed w-itb an annual average of 649 tom and Rs 6195^012. The 
marked increase aince thenj^ totnILing no less than 4,158 tons and 
Rj 1,93,59,430* for the two years ending 1949^50^ may be due in 
part to the replacement of deleted stocks. 

India possesses a source of nickel in the copper ones of Singh- 
bhum, and it is unfortunate that no attempts are made to recover 
at Ii^t pan of it to meet the country's demand for the cupro-nickel 
alloys. It is only fair to the copper smelters to point out, however^ 
that ihe oickel content of Indian refined copper is said to be ad- 
vantagcoiis in the particular commercial uses for which it is made. 
It is true that the ore contains only 0-083 per cent of nickel, taking 
the only analysis available* which refers to ore won in 1934* hut 
with an annual output of 350,000 tons of ore, this represents 390 
tons of nickel every ^^carp Indian refined copper is sai d to average 
0 ^649 per cent nickd,. and to account for only 13 ptr cent of the 
nickel origirtally present in the ore, according to Sir Lewis Feraiorj the 
balance being lost in either the ore concentrating or smelting processes. 

Over 90 per cent of the total nickel prMuction of the world 
outside the Soviet Union is supplied by the nickelifcrtHts sulphide 
ores of the Sudbury Basin in Ontario* Canada, where the ore 
reserves in 1949 totaled 336 million tons* coniainmg 3-2 per cent 
nickel-coppcr, of which about one half is nickel. The ore deposits 
are closely asscxzLatrd with a body of noriic and micropergmatite* 
outcropping as an oval ring 37 by 17 mils in diameter and i to 
3^6 miles broad, and lie along or close to the outer margin of the 
norite. They consist of rock fragments cemented by the sulphids 
and partly replaced by them. Similar ors are mined at Petsamo* 
formerly in Finland but now m the Soviet llmon. The nickel ores 
of New' Caledonia are of the silicate type» as are those of the southern 
Urals, Greece* Brazil, Venezuela and the southern Celebes- l^ter* 
Itic mckel ores have been mined on a small scale in Cuba. 

COBALT 

A complex ore of cobalt known as sehts, which contains the 
minerals cobaititt> the sulpharsenidc of cobalt, CoAsS, and danaite^ 
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a cobalt'bearuig^ variety of mi5{}iclte]| iht sulphaneaide of won, 
FcAsS^ occurs ivith copper and iron pyrir« spamdy scati^^ in 
irregular Btrings, layers and lenticlcs through black without 

any rsemblance to a true lod«^ in the Babai copper mines of the 
Khctri area of Jaipur in Rajasthan. The country rock ii mostly 
black slate, sUiceous and splintery, with indefinite binds of quartzite 
of the AJabgarh Series^ in the Delhi System, and is intruded by 
amphibolites. The tnines have been dosed as far as copper is 
concerned for many >'cars, and the extraction of Sihta ocased about 
1908. It used to be recovered by crushing the slate and panning 
the powderj the heavy concentrate so produced being sold to the 
Jaipur jeweUers for the production of the beautiful blue glazes of 
[heir enamel work. Its place is now takrn by a more expensive, 
but belter qu^ity, imported product containing cobalt. 

CobalUte b known to occur at jicvcm] localities in western Nepal ^ 
inciuding Tzimgai and S amar Bhamar where^ judging from the 
many abandoned pits and adils, now for the most part under water^ 
«lensivc workings existed in the past. Samples from one adit 
avQ^gcd^5-35 per cent of cobalts The places mentioned are 5 
Or 6 days marches firoin the nearest railhead at Shohratganj (Sham- 
ratgarh)^ The occurrence of cobaltUe wiih the nickel-bearing 
ores of Bhorle, in Nepal, is referred to undw Nickel. Linnaeilej 
a sulphide of cobalt, CofS^, has been recognized in some of the 
copper ores of Sikkini. 

Gertam varieties ofchromiie from the Nausahi area of Keonjhar 
are reported to contain 0^6 pa cent of cobalt and 0-3 per cent of 
mckeh The presence of both dements has been detected fircquendy 
m Indian manganese ores, while mammilary coacredom probably 
best dMt^ted as wad, associated with the iron ores of Oiatura, 
near Madanpur* Kalahandi, Orissa, coniaincd o^0a per cent of 
cohJt oxide, CoO. According to T L. Walker, this cobaltiferous 
wad appreaches the New Caledonian and Australian asbolites in 
comp^ition, and w^Jc the sample assayed is not rich enough to 
be of commcrcid value, it would not be surprising if an ore 
of such variable composldon were locally richer than this 
particular-ample, and in that case be rich moueh to be worit 
exploiting. 

The pr^n« of cob^t in the mbied Icad-rinc sulphide ores of 
Bawd^ in the Shan State, of Burma, was fint notictti by the 
growth of thin, enc^tmg layers of pink er^-thrilc on stada of ore 
which had been left on the surface exposed to the action of the 
“1* mineral which is ai» known a. cobalt bloom, is 

the by^ted ai^tc of ojb^t, Co^As/J^BH,©, and an altera¬ 
tion product of the original sulpharwmdes of the on itsdf During 
srnelimg op^uom the co^t finds its way into the nickel speiss, 
the composition of which h given in the table on p. aas. As the 

conten t of the spd« gra- 
duaUy increased from 3 or 4 per cent in the early years (i9a7-33) 
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to n^ly 3 per cent in 1940^ and it La calculated that from 19^7* 
when ihipmenti coimncnc^, until 1940^ contained between 
2,270 ana 2f370 tona of metallic cobalt. 

Cobalt enters into the comppsition of many ferrous and non- 
ferrotis allop; thus it is an importnnt addidoni in amounts of from 
5 to in per cent, to bigh'^speed sleeb based mainly on tunga:^ or 
molybdenum, or cm both these elements, increasing tbeir cutting 
efficiency at high temperatures- The permanent magnet st«ls, 
already referred to under KicncEX-^ and known under such names 
aa " Alnico % contain from 12 to 24 per cent of cobalt, 14 to 32 per 
cent of nickeli 8 to is per cent of ^umininm, and, in some cases, 
3 to 6 per cent of copper, as well as small additions of titanium^ 
and owing to their very high coercive forces have replaced for many 
pnrposcs the cobalt steels, which up to the time of their discovery 
were the best permanent maraet materia] available. Cobalt steeb, 
apart from their uses in tool and magoet steeb, have many other 
applications in situations where lesbtance to stresses^ oxidatton, 
corrosion at high temperatures and very low coefficients of expan^ 
aion arc necd^, and are to be found in razor blades, surgical 
instruments, die steels, engine valves, glass-io-metal joints and scab, 
as weU as in some parts of jet propnbion machinery. The largest 
single use of the metal today is In the cobalt-nictclKjhjeimium base 
alloys required particularly for jet engines. 

Cobalt is the chief binding metal or matrix used for cementing 
the carbide of lungste^, as well as those of molybdenum, titaniom 
and tantalum, the sintered powders of vtrbicb may contain up to 
14 per cent of cobalt. Such matiiriab arc the hardest known 
prcxlucts of metallurgy^ suqjassm^ the hardest sted in this respect 
and of great industrM utility as tips for many kinds of cutting and 
abrading tools. 

The ^ stellites \ alloys of cobalt, chromium and tungsten, some- 
dniea modified by the addition of other elements, have been 
mentioned under CftROMiuM. They may contain from 45 to more 
than 60 per cent of cobalt and fumish cutting toob superior in some 
rapects to those made from highspeed sted, especially in their 
performance at elevated temperatures. Such alloys, in the form 
of welding rods, were m common msg on the oilfields of Burma to 
build up the worn edgea of drilling bits; by their means hard- 
wearing layers can be applied to any machine parts where they 
may be required. 

Cobalt in small quantities increases the hardness and eloctrical 
conductivity of the copper-beryllium alloys. It has an importajit 
function as a catalyst in the Fischcr-Tropsch process for the syn* 
thesb of liquid hydrocarbons Ironi carbon-monoxide and h>ndrogen 
mixtures' the material used in the Gertnan plants during the last 
war for t hi s purpose it stated to Itave consisted of cobalt 100, tboria 
5, magnesia 8, and kieselguhr aoo par^. The metal has also been 
used as a catalytic dcsulphurizer of crude petroleunu 
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The ceramic: indiutry absorbs much of the cobalt oxide of com¬ 
merce to give the blue glazes of pottery and canhcnwaitr; glass and 
enamel makers also use it for similar purposes. Cobak salts am, 
on the other hand, employed as decotorizmg agents in potteries 
to oountcmqi the sli^t yellow tinge caused by trara of iron com- 
p^mnds when most days are fired, the complementary blue colora* 
lion neulralbijig the y^ow onc^ and yieldOb^ a pure white product. 
In me vitreous enamelling of iron and atcelj smalt additioiis of 
cobalt oxide to the frits promote the adherence of the coatings to 
the metal bodies. Soluble cobalt compounds are added to nickel- 
plating bat^ to produce hard, smooth and bright surfaces on the 
finished artides^ and so to lessen or eliminate later costly polishing 
operations. Certain or|fanic compoundsi such as the resinate and 
oleate of cobalt, are active driers of 01 Is and superior in this respect 
to compounds of iron and manganese: by their use a numb^ of 
iscnu*drying oils can be employ^ in the manufacture of paint in 
place of the more expensive linseed oil Tlity have further uses in the 
manuEicture of waterproof textiles, printing inks, linoleum and other 
products. Other cob^t salts are employed in veterinary n^idne 
and Liii the form of soil dressingi on grazing lands as a preventi'^ 
of deficiency diseases amongst sheep, T^e radioactive isotope 
known as cobalt 60* a product of the atomic pile, emits gamma 
much the same energy as thew from radium* It has a 
half-hfe of 5-5 years and Is a substitute for radium both in thera¬ 
peutics and in industrial radioeraphy. 

Thirty years ago the world s annual consumption of cobalt was 
abwt 75^ tonsj by 1939 k had reached j^ooo tons and in [94B the 
estimated output of the producing countries, jtill expressed in tenns 
ot cobalt, ym about 5,900 tom, Practicaily the whole 

of this IS obtained,, just as it was in Burma, aa a by-product from 
complex or^ prijnariiy smelted for other tnctals and principally 
for copper; thus the copper deposits of Katanga, in the Belgian 
pingo, and those of Northern Rliodcaia, between them accounted 
Tm 78 per cent of the total in If the copper gre deposits 

of Rajasthan, or of the Outer Himaiayan bdt in SiiW Nepal and 
risewhere, eventually come to be worked on a iarge scale it la libely 
that India will enter the Hst of cobalt-producing TOuntria 
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THE STEEI^H-\RDENING METALS 
CHROMIUM 

CffttOUTTE, the arc of chromium, ha* the ideal compositiori FtCr^O| 
or FcOXr|Oq, corresponding lo 68 per cent of chromic oxide, but 
as part of its iron is often replaced by magnesium and some of iti 
chromium by aluminium, the commercial ore seldom contains 
more than 50 per cent of chromic oxide, Cr^O^+ 

The mincnil was first mined in Baluchistan in 1903, in Mysore 
in 1907 and in Singhbhum. in 1909* It was not until 1937 that 
Scraikela of the Eastern States Agency, now part of Bihar, began 
to deliver chromite, to be followed by Keonjhar, now in Orissa, 
in 1943* The Krishna disdrict of Andhra has made small con¬ 
tributions since 194I1 sample parcels have also been taken 
from Salem in Madras and from Ratnagiri in Bombay. 

The Baluchistan ores, dboOvered by E. Vredenburg in 
occur spomdLcaliy as veins and irregutar, magmatic segregattons 
in serp™tme5 formed by the alteration of saionits (enstatitc peri* 
dotites) of Cretaceous age. The chief mines are near Hindubagh, 
in the Zhob Valley, but production was extended to the adjoining 
^etta-Pishin district in 1937- Similar intrusive, ultrabasic rocks 
have been found in Waziristan further to the north-east, and in 
Kalat to the south and certainly merit prospecting for chromite. 
The Baluchistan ore is of cxccptitMial quality and as exported from 
Karachi often awrages over 53 per cent chmmic oxide. 

Over 40 per cent of the grand total of India's chronute produc¬ 
tion has h^n niincd or quarried from the Mysore and Ha^n dis¬ 
tricts of Mysore* where the mineral was discovered by H. Slater 
in tflgSp Veins, lenses and segregatiems of chromite, often asso¬ 
ciated with magnesite, occur in serpendiiked ultrabasic rocks 
between M)^oic City and Nanjangud, and have been exploited 
at a number of localities. The SinduvuUi mine of Mysore Chromite 
Ltd reached a depth of 600 feet and gave over ^36,000 tons of high* 
grade ore, averaging 30 per cent chromic oxide, before becoming 
exhausted. Smaller deposits at Talur, Umdabur and Hodkatur 
yield low-grade o-re (40 to 44 per cent Gr^Oa)* while several others 
which arc not mined average about 30 per centp Further low- 
grade deposits arc known in the ChikmagaltiTj Shimoga and Chltal- 
drug districts* At Fensamudra, about thrw miles from ArsLkere in 
the Hassan district, low-grade ores are nuned and concentrated by 
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Mysore Chromite Ltd for the m^uiketuTc of sodium dichromAte 
at Mysore, Bombay and Kanpur, There are many orcbodttA in 
this area, Itmm and veins in talc-serpentine rocks* themselves 
altered cnaiatitc-jmiclotitcs of the Nu^ihatli schist belt which 
stretches for 35 miles froin Jambur to Arsikere. They are niainly 
of low-grade quality but at Byrapur masstve and friable hi^h- 
grade ores are found, averaging 48 to 50 per cent chromic oxide. 
Worked extensively [n the past for esmort, these are now reserved 
for ferrochrcimc manufacture at the Mysore Iron and Steel Works, 
and such small quantities as are removed at present supply re- 
fractoiy' materials for use in these works, Mysore chromite in 
generaJ, as exported Irom Martnagao in the past, conlatncd from 
40 to 48 per cent of chromic oxide. 

The chromite deposits of Singhbhum, found by R. Sauboilc in 
*9^7i^he near Jojohatu* west of ChaJbasa* in partly scTpcntiniaed 
saxomtes, dixiutes and pyroxenites. Their lenticular veins, up to 
3 feet in width and 100 feet in length, arc not large* but they form 
a pers^ait ore-bearing horixon capable of yielding 4,00a to 5,000 
tons of 50 per «nt ore per annum for many yeais to come* accord- 

Adjoining Singhfahum* the fomier state 
of oera^ela (now in Bihar) yielded a few hundred tons of low- 
grade cliromitc from the iisiiah hi^y altered, ultrabaaic intrusive 
rocks, between 1937 and 194a. 

In Orissa, large orebodics were discovered on the Baub Hilb 
in Kconjhar in 1^3. Here* lenticular, steeply dipping* echeloned 
lensesi of ore, primary differentiates of an ultrabasic magma, have 
been intruded in successive stages so that several generations of 
chroimtc arc iccogoizable; a coarse-grained early one, preceding 
a Kucdium-giruncd intemaediate stage, and a final fme-grained 
phase, both of which cut through the eoarac ore in plaeea. The 
tnassiw hand-cobbed ore, as marketed, averages 52'4 per cent 
chromic oxide, according 10 S. K. fiorooah, and thus compares 
tavouraWy wjlh Baluchistan chromite. The probable reserves to 
a depth of 50 feet arc of the order of 3oa,of» tons, and up to 
^ebru^ 1949 approximately 50,000 touji had been won. Further 
tuKb of chromite have been reported from localities dose 10 Nau- 
as weU irom the adjoining Suklnda Estate, in the Cuttack 
ojstnct of Orissa. The chromite iu Sukinda occurs along a ouart- 
^te-peridoute Junction and as small patches in klcritiacd duiute. 
louie west, m DhenkanaJ district, rich deposits capable of yidd- 
ing at least iS!0,ooo tons have b«n found along diear xoncs in 
pendoute south of Maniabil. The mineral also occurs in quart- 
^Ce new Ghotringa, la miles north-west of Maruabil, and near 
^-uontaUuBJi 10 milca further north-w*cst* 

of south of Tinichengcriu. in the Salem district 

^ associated vdth other minerals in parallei 
which Imvc been traced for a distance of 12 miles in thTlocal 
anorthitc gneiss. By magnetic methods alone, concentrato can 
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be obtained from these ores containing up to 40 per cent of chromic 
oodde and it is possible that they may prove useful for refractory 

^**^Sl^ehrtjmiie deposits ofKondapaUc, Krishna district, Andhra, 
are in the ronn of lenses and pockets in partly serpenthuzed py^ 
xenites interbedded with chamociutes, and their exploitation h^ 
assumed some importance since [948, but they appear to pinch¬ 
ing out in depth. Low-grade deposits occur in serpentine near 
Kankanli, in lUtnagiri, and Vagda, in Savantvfadi, Bombay. 
The mineral has been found at many other places m India, Pakistw 
and Burma and only those larger deposits of actual or potrattal 
commercial importance at the time of writing can be mention^ 
here. Others ocrtainly remain to be located, particularly in 
regions containing many outcrops of ultrabasic roclts such as 
Manipur and the Aratan Yoma. 

The lustrous, silvery-looking, coating of chromium now platM 
on so many articles to protect them from rust and wear is familiar 
everywhere, but this use accounts only for insignificant amoun^ 
of chromite. Today, probably more t^-in half of the ^Id’s 
nfXKjuction of soint I '5 tons ^cxcliiduig' the Soviet Union-/ 

Is consumctl by the cictaUiurgical industry^ perhara about per 
cent for Tefractorics md the remainder for chcmc^ manufactura* 

GhromJujii the most widely used of aH the steel'-mloyiw 
elements because of its ability to impart addidonal strength, hard¬ 
ness and resistance to corrosion. By varying the quantity M 
chromium, by the addition of other cleiiienis with it. parucu^ly 
niekel, tungstenp molybdenum, vanadium and man^n^, and by 
suitable heat treatEnents* a bewildering variety of dinei^nt stpus 
arc made, each with distinctive properties and apw^^appUca- 
tiom. They range hom the low-chromium steels with from 0^5 
per cent to 4 or 5 per cent of the metal on the one hand, to aJioya 
with little or no iron at all on the other- In the former group, 
often containing tilckei and other elcmrats as well, m so me steels 
very widely used by the mechanical engineer^ partici^ly for 
baU and roller bearing, shafts, axles and conneebng rods ui all 
kinds of civil and military vehicles, in locomotives, tractors and 
excavators, as well as in armotit^plate, projectiles and machinery 
subject to rough usage. In the latter group are the nickcl<brom- 
j iim alloys of the 8o/^0 class—the heating elements of elcctn^ 
furnaces, fires and domestic a|>piiaiice3+ Similar ^ ™ 

found in the vital parts of jet engines as they withstand high stresses, 
elevated temperatura, the attack of hot gases and arc resistant to 
creep. 

fotween these extremis art many other important groups in¬ 
cluding the * stainless * stetli, with 12 p« otic to ao per cent of 
chromium; the " rustless * irons with a per cent to 5 per cent of 
chromium J the high-speed tool sleds with about 4 per cent of 
chromium; the corrosion-rrsisling steels of the i 3 per cent chromium 
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^nickel typ*, and the heat-resisting steels with some¬ 
what higher percentaga of the same metals^ extcnitvdy employed 
Tor fiii^ parts, diesei engine valiies and so forth. 

Other important chroniium alloys include * Inconel ’ with flo 
per cent nickel, 14 per cent chromium and 6 per cent iron, a 
ravounie matcnal for the manulactun! of food-processing equip- 
DMt, and the SteUitu ' with ao to 35 per cent of chrominm, 50 
, P cent of coratt, tungsten and other elements—eKtremriy 
sutBtances^ for machine tools, abrasive focings, rock drills, 
Metalhc cJHOOTum, of 99*0 to 99-5 per cent purity, is made 
aJuminothenmc reduction of chromic oxide, 
^ wdiiim dichromate. a product obtained by 
ro^ng chromite with carbonate and limestone. Fot 

» y purposes, the alloy fcirochromium with 60 to 70 per cent 
by reducing chromite with carbon in the 
** w*ed. High and low carbon varieties are 
Chtt^JL-t CQfir^run^ from 03 to om 5 per cent ^:^lTboa. 

and afi«- tJ* ^ Msmtial minerat for the iron and steel industry, 

nSi^ ,h ^ und cements b 

^ conation and repair of steel furnaces. These 
uses are more ftiily discussed under H^EntAtntisiES. 

dichrqmatcs of sodium and potassium, 
^ salts of the element such as chr™ alum 

ulLrlu ■ sulphate, are important industrial chemicals, partic- 

ai^im^ Srir of 1,000 tOM^r 

annum" demand increased to some 6,000 tons per 

the da,'dopmcnt of their manufacture in the 
50 that by 19^6, 13 lactones with a total capacity of S,075 

S3 w{!r“. Tb<=<=bromateoK^foJ^iS 

It paim-mAkcr; mixed with IVussian 

sutmUei^hi, basic lead chromate 

lOtethoseofl^d ™ *1 ' T ** of *inc and barium, 

linoleum aro^so em^oyed extensively for colouring paints, 

^r^^f I? ^ ceramics. Chromic i^de, besides li«ng «t 

pliable green pigment, aT^ a 
names b'commerce under various 

in rVte Anjn.!" • wluuotia are used m chromium plating, 

base allovs ^ protection of magnesitim 

i^^a a nnttter^roduc- 

thicker coa^ttnn a* ccorattve finish on articles in common usei 
sometimes employed to resiec machine parts, 

^^S^ind« ^ pump Vod*: 

Chrumium salts am 

tu the blcachmtr f" naanulactiire of safety matches, 

andi ^ of electric^ batteries 

an industrial alcohol of aviation petrol and methanol. 
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From the coromeiicement of chromite minuig in 1903, up to 
the end of 1946. a Rtand total of i f ^ reported value 

of Ra 2,27»56 i593i Ivid been produced. Of this amount 67^^117 
tr»>T , or 47-6 per cent, ’were from Baluchistan; 575 i 3“5 
40 -o per cent, were from the Hassan and Mysore districtsgf Mysore; 
>39. tog tons, or 9*8 per cent, were from Siughbhuni; 30,403 tons, 
or I 4 per cent, from the Eastern States Agency {now parts of 
Orissa, Bihar, Madhya Ptadejh, etc.), and the remainder from the 
Krishna district of Andhra and from Bombay. Over the 44 years 
involved India contributed 53-4 per cent and Pakistan 47-6 per 
cent to the grand total. For the five years ending 4946, the average 
annual tonnaga were 24,071, valued at Rs 3,60,476, for B^u- 
chistan; 6,581 tons, valued at Rs 1,85430. f«>f Mysore and 4,^ 
tons, valued at Rs 1,75,935, for Singhbhmm It is not surprising 
that output reached its record of 62,307 tons in 1937, for chromite 
ranks high in the list of minerals of strategic importance. 

Since the separation of Pakistan in 1947, India has won a 
further 93417 tons of chronutc, valued at Rs 28,98,003, in the 
years 1947 to 1950 inclusive: of this quantity 39*8 per cent came 
from the Hassan and Mysore districts of Mysore, 36*7 per etmt 
from Kconjhar, in Orissa, while the remainder w^ nearly equally 
divided between the Krishna district of Andhra with 11*8 ^ cent 
and Singhhhum with 11 ■ 7 per cent. In Pakistan dunng the same 

three years 72404 tons were raised- ^ n ■ t j* 

Onlv about 5,000 tons of the chromite mined annually m indm 
used to remain in the countiy*. the remainder being exported, 
thouvh in 1949, export quotas were introduced to control this over¬ 
seas ^de- In the pre-trar period 1934-®. Norway rtMi^ most 
of Indians chromite^ follov^ed by Germanyj with the United King¬ 
dom a close thiid. Norway with her abundant supplies of hydr^ 
electric power doubtless used the ore for the producpOTi of high* 
grade feiro-chronie for sale to the stecl-mahuig countries. 

The chief prc^ucing cduntrics are the Soviet Union^ Suuthira 
Rhodesia^ Turkey* the Union of South Africaj New CalraoTuap 
Cuba, Yugoslavia and Greece* and it is very noteworthy that all 
the major steel-maklEig countries of the world are dcj^dent on 
imported ores. In the pre-war quinquennium* the world s average 
annual production wras approximately one million tons, to which 
India enntribuEed 4*5 per cent and occupied the eighth position 
on the list. ^ 

India and Pakistan bctw^cen them jxsssess sunicient chromite 
resert'es of the varying grades required by the consmiiing trtdusn'lea 
and will doubtless develop the manufacture of more finished pro- 
ducts in all three branches—metallurgical* relractory and chemical 
—in due course. EarUer experimcnta in the manufacture of ferro- 
chrome at Bangalore and Bhadravati w ere unfortunately abandonisd 
in tg33i but during the last war the ordnance lactones made their 
own requirements. As the Indian steel industry grows and the 
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present output of «pccin] steels (apands, the intemai dmnand for 
chrome ores of both mctdJui^iicd and refr^torf eradca will in- 
crcM, and ^ eouatry is fortunate in that, unlike moat other laree 
steeUproduumg^ coiinirics, it has ai hand more chroiniie than it 
**®**"' Chromite bricks and other chrome re&aetoriea arc made 
at present by the Tata Iron and Si«I Company and hy Messra 
and Gontp^y, in efficient quantities to satisfy home needs, 
.. ® *®luuon of the question of an external market for Indian^made 
bigh-E^e low-carbon rcrn>chrome rests almost entirety on the 
power. Without cheap power, a quality alloy 
of UK t>'pe envisaged could not compete successfully with the exist¬ 
ing European and American brands in foreign markeu. 

firfaf" ^ pioneer work of P. L A. Narayanan on the bene- 
ficiatJon of chromite orp should lead to the profitable working of 
^ ona, unmarketable m normal times. This is perhaps the 
most sengus problem facing the chromite mining indusSy in ^dia. 

NIOBIUM (COLUMBIUM) AND TANTALUM 

ft,® niobate and tantalale of iron and 
respectively, (FcMn)Nb,9, and (FeMn)Ta, 0 „ are 
inaeiuthip OTthorhombic mincraJs which pass by 

tiiobiri. normal columbite, the nearly pure 

Sr* isomorphous scries, to normal t^taiite, 

the almost pure tantalate at the other; ihcorctically, the pure 

SS, a--? !»• Of niobl™’^',S^,<i;ido 

=«d tlK comspondmg tantalate 86-1 per cent of tantalum 
SSwm niobium is only about half the weight of 

mercav-t ,P®*** 9 “* timing greater as the tantalum percentage 

^Sjv to t >^“«’'-a«d-«ady means of dcicrminiiig 

Xl^a particular specimen belongs. 

" tiiKium but SOTO 
mM Ti fa » I 3 *^ cent of tantalum pentoxide have been 
iv^ ^ miiiiMnls have now been identified 
toiith tfi w k ^ ocahtics in India, ranging from Mysore in the 

refiSied ^ can be 

S^nS ■ T ™ having been 

EiSi specimen collected at Palm, in 

cS^biiBtS?^JlL'‘®®^ Thomas Holland found both 

"" Pananoa Hill, in the 

ivxoDgnyr district of BihAr, while about iqoo B TavArim 

mar J^d, Bangalore 

of coh^^w up to 14 ih. in weight, arranged fo foi^ 
aggregates m the feldspar of pegmadte in^ded into gJSeXoS 
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mica schists near Pichhli, Gaya district, Bihar, were described by 
C. H. Tipper in 1919* Similar occurrences to these »« known 
in other pegmatites in various parts of Bihar and Mysore, as well 
as in the Nellore district of Andhra and Timchirapalli district of 
Madraj> 

In 1943, J> Songi found columfaitotantalite crystals in his 
irn?i'a mine at Ugai, Kckii tahsit, Ajmcr-Mcrwaia; later VV. N. 
Khan repMted Sie same rnineral in appreciable quantities 
in Mewar, where it was mined at Lakola, wiuana and Sangua 
in 1943, together with beryl from the same pegmatites. There 
aie furtlier occurrences in the IjDhagaKM^^ewaU area, at Qaripura, 
west of the Ajmer reservoir, and at Bir, eight miles south of Ajmer. 
In the parent pegmatites of Rajasthan the minerals are usually 
asociated with pink or white albitc, oAen of the clevelanditc 
variety, greenish mica, quarU; and beryl. H. Crookshank, with 
a wide experience of these rocks, believes that columbite is ^ommon- 
ly present wherever beryl is found, but on account of its general 
outward resemblance to the relatively valueless ilmenite, which 
with magnetite b distributed sparingly in a great many pegmatites, 
it has escaped the notice of the beryl miners. It is to be looked 
for in the nitergrov^ of quartz-feldspar and small beryls, rather 
than with the large beryl crystals of the pegmatite cores. 

Small parcels of i la lb. and lOO lb. of columbite were won m 
Mysore in 1913 and in the Monghyr district of respecli^y^ 

The minna in Merwar yielded a total of 6,660 lb. m 1943, of which 
I .=55 lb. fatnf from Sangua and the remaindfn from Lakola and 
Soniana. The ore from Sangua averaged 13-6 per cent Ta^Oj and 
6 j- 7 per cent Nb.O,; the Soniana ore 39’4 ‘^^nt Ta,0, and 

41'4 per cent Nb.O*; the Lakola ore 30*5 P" Ta, 0 . 

45 -5 per cant Nb.Oj. As the official statistics issued by the Umted 
Stales Bureau <sf Mines reveal that :2i,6oo lb. of tiiobiutii ore and 
1,805 ^ taotaJtim ore were imported fttim India mtp that 

country in 1943, it is evident that the Indian statistics mcom- 
plcie. Such as they are they show a further output of 1,019 lb. 
of columbLte-tantalhe in 1944- There can be little doubt that 
appreciable quajititim could be obtained in Merwar provided prices 
were suBicientLy attractive. 

Other Indian minerals contaimn;^ niobium and tanialum ^ are 
samarskitep a niobate anci tantalatc of yttnumi and titc cenum 
group of elements, uranium, iron and calcjiiinj from Sanlcara, 
Nellore di5trict> Andhra; sipyUte^ a niobate and tantalatc of the 
rare eanh etements and urartiump from Sankara Razu^pad, 
in Nellore I hatchettoHte or cndolitc, the former being a variety of 
pyrochlore with uranium and the iattcr probably an altered pyro* 
chlore» itself a niobate and titanate of the cerium elemoiis and 
other bases with thorium, from Vayarapaii, Kadavur (Tiruohira- 
palli]; afischynite, a niobate and titanate of the esennm elements 
with thorium, and ofren confining uranium in addition, and 
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ciuccmte, a niobate, rantalate iutd Utonate of yttrium, cerium and 
urarnum from the Erania taluk of Travancore. Other complex 
niobsitcjj si-nd tit^n^tes of tiic nirc earth clcmcnls such 

as fcf]^uioti] tCi the luobatc and taataJatc of yttrium^ and annt^rodltep 
the ntobatc of uramiim and yttrium, occur in Ceylon* and aa more 
or less snntlar gi^logical condilioni prevail in thf? adjacent parts 
of somhem India^ intensive pmspeciing would probably reveal 
them rhey are ail of pegmatide origin and of more 

potential value for their uranium content than as ores of niobium 
or tantaJurEL 

Taniaium is marketed in the form of powder, ingou, wire and 
mH:hauical sirenglh, hardness* ready 
\^rk^iljty* high meltmg point and resistance to coiTOsion by most 
many uses. Niobium (known as ^ columblum" in 
Amcria} has similar properties, and miscd 
alloys tn-rmed fciro-columbium * in commerce, which in reality 
CMtam dl dnee meEab, are made dircedy from columbitc by the 
aiiimmoLheimjc procos. / 

*rantaJum is cmplu^ in the lUEiiiifiicture of large high*vacuum 
for radio breasting End reception, for tl h« the addi- 
'’r wh^ heated; its inertness 

oV« .•* chemicaj works etjuipraent, especially in scid 

taorption plants, valves and nozzles for water chlorination, linings 
copf^pipcs ^ SO forth. It is employed in ^in- 
rayon, fibres, m electrical rectifiers, in fountain-pen nibs 
imd in i^cal ^ dmta] instnimcnts. )t docs not irrita^iving 
^uc and IS used in plates for skull injuries as well a, in pins, wiiw 
?hf WMlt^c^operations. Tantalum carbide is one of 

c'itWA " known and £3 incorporated with tungsten 

^ Tfo: raetal has been substituted 

purposes and its oxide enters into the fommlae 
of s^ types of gla^ for aircraft camera Icnita. 

adriTHnn^™ niobi^ assumed importance as a fractional 
stainless types in which it acts as a carbide 

p pr^ents intergramilar corroaion and fcsistimce 

^shtln^r !^*r^ ' a vital eonstituenl of heat- 

i^tmg iteeli for gas turbmes and jet engines and an essential 

Sir wid^ certain stainless steels^^ writes 

aLSST Steel Research 

A^i^n, adding that niobium is also a constituent of leccndy- 

‘Altemadves-such Is 
be used for some purposes, but the 
de^ for niobium, pametilarly for hcat-resiidnTs^ in 
turbmes will most probably increase.’ 

1=0^ ‘i'; * 337-9 ai»ut 500 tons of eolumbite and 

15 ^ ^ produced in the world as a whole. In 

^ comhuied production of both mineraJi was 1,773 
, o w ich at least i,f 00 tons were of columbite and the remain* 
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dcr mainly tantalitc-colurobice conceatrates. Nigeria produces 
over 85 per cent of tbe v/orld^s columblte^ mainly Irom gravels in 
which it is associated with isjsiteritc^ It is a by-pioduct of the 
Nigerian dn mines, and the bulk of the output (over 2^000 tons 
in 1944} has come from the re-treatment of old dumps. The 
ejcporud ore averages 65 per cent NbjO|, and 5 per cent Ta^Oj 
and nearly all of it is ship^d ta the United States of America^ 
The Belgian Congo follows in the second place, with 143 tons of 
tantalite-columblic ooncentrates and 513 tons of mixed cassitcrito* 
tan tali tMolumbitc concentrates in 1948. Australia was for long 
the largest producer of tamalite but little is mined there at present 
Other countries such as Brazil and Somh Rhodesia have given 
appreciable quantities in times of emergency^ The high outputs 
from Nigeria cannot continue for long unless new deposits arc 
found, while the Uicreasing demand for niobiujii should mean 
stable markets and good priced for coLumbite in the future. It b 
in the light of these circumstances that the development of 
Indians resonrccs of these scarce and valuable minerals should 
be viciivcd^ 

MOLYBDENUM 

Molybdenite, the sulphide of molybdenum, Mo$j^ contains 60 
per cent of the mcial and is a lustrous^ lead^grey mineral usually 
found in small scales which, owing to its p^cct basal cleavage, 
can be split into thin leaves by the finger-nail. It rtsembl« some 
forms of graphite extremely cicacly and has probably often been 
overlooked by prospectors in Eastern lands on this accounL It 
has been found at many places in India, meJuding parts of Chota 
Nagpur and chiefly in the Hazaribagh district, as, for example, 
with the sulphides of lead, copper and rinc near Mahabagh^ at 
Baragunda, and elsewhere^ Ic occurs in a granite-gnebs at 
Gherrapunj], in the Khasi Hills of Assam, tn pegmatite veins at 
Kumavaram and other places in the Godavari district of 
Andhra I under simikr conditions near Karadikuttam and 
Kodaikanal Road station, in the Madunu district of Madras; 
associated with pytrhodie at Mangamalai, Tmvancore and tn ike 
elacoUte syeni tes of Kbhengarhj Rajasthan- 

In Burma it is a constituent of some of the wolAam and cassi- 
tcrite-bearing veins of the Lndo-A^falayan mountain ranges, as at 
Mekontaung in Yamethin, and Shwegyaung in Mong Pdi, as wcU 
as at various^ localities in Tavoy and Mergui, At the woi&am 
mines of Sonsinpaya, Wagon Norths Thingandon, Hennyingyi and 
Widnes in the Tavoy district, it is more abundant than elsewhere^ 
An unusually large quartz vein in the Shiniaiataung KCtion of ike 
Widnes mine, 6 to B feet in width, contains a Ijtde wolfi^m, some 
pyritc and relatively large amounts of molybdenite. The mineral 
B abo a rare acccsaoiy of the local granite hut is commoner in 
pegmatites and grdseiis, in veins wiih wolfram or cassiterite, or 
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both^ or, agam and very much more rarely, in quam veins in 
which it is tht sole metallic mineral, or perhaps accompanied with 
a Utile pyrlte. It U found marc frequentty in veins traversing 
granite than in those penetrating sedimentary rocks, and it usually 
lies close to the walls, intergrown with the mica often present in 
such positions. Small specimen parcels of molybdenite have been 
shlpp» from Lower Burma from rime to time, but the total output 
has been quite insignificant. As a result of primitive rmriing 
niclh<^ and the absence of suitable milling and concentrating 
machinery, these deposits have never received the attention which 
they deserve* 

Molybdenum is prepared by the reduction of its oxide with 
hydrogen and is a silvety white metal with th^ high melting point 
of a6ao*C. In the form of wire, rod and sheet it is widely employed 
m the manuCbcture of incandcaccnl electric tamps, particularly as 
filament supports, and in wireless valves and electronic devices of 
many kinds j. thus the heaters of radio receiving and transmitting 
may be of molybdenum-tungsten alloy. Other applications 
of the metal include contact points, elcctroda, spot welder rip, 
thernio-eouples and heating elements of electric furnaces- 1*^ 
pnnctpai^ use, however, is in the sled industry as an alloying de* 
meni, for added to steel in the form of ferro-molybdcnum, molyb¬ 
denum trioxide or calcium molybdate, in amounts usually rang¬ 
ing from tmd^ t -o to i *5 P**' cent, it imparts strength, ehasricity, 
resut^cc to shock and fatigue, and so enhances the cflTccts of othff 
additions such as m^ckel, c^mium and vanadium* Such alloy 
steels have thw special applications not only in structural matcriab 
but aho m airciafr and ™tQr ^-ehicle engines, the rcciprocaring 
psim of locomotives^ drilling machinery and bo forth, besides being 
used for certam types of armour plate and projectiles* Molybde* 
num-beanng cast irorw too, are tougher, strongicr and more easily 
n^hincd by reason of its addition. It is an important component 
of high-speed self-tempering machine tools used for cutting steels^ 
tod during the last war, owing to the scarcity of tungsten, molyb¬ 
denum widely employed as a substitute. WiSi chromium 
and cobalt it entos mio the compemuon of some varieties of the 
nomfeiTous stellite^ alloys which arc also employ'cd a$ cutting 

A number of motybdcniim compouadt find appUcation9 in the 
cbcimcal and ceramic industries. Ammonium molybdate Ls the 
standard reagent for the analytical detcrmiimdon of phosphorus. 
In Mssing, It IS to be noted that the rare clement rhemum occuiJ 
ciiiefly m molybdenite ores. 

The avemge annual world’s production of molybdenum for the 
period t934^ approaimaidy lo^ terns of which the United 
s^tes supplifd about go per cent, mostly from a single deposit at 
wuito*, Colorado, where the grade averagea about 0*5 per cent 
of the sulphide. In 1947 the world’s total was over 21.5^ tons^ 
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of which 93 per ccmt came from the United Statn with smaller 
P H T py u fin from Canada, Finland, Norway, Mexico and Chile. 


titanium 

llmenitc, a tiianate of iron. FeTiO„ with 31-6 per cent of 
titanium, ia often referred to in the older Indian geological literature 
as tiuniferoiB iron sand, litanifcrous iron ore^ ritanofemte, mec* 
canite and Lserine. It can be found in the concentrates of the 
sands of most Indian rivers travereing crystalline rocks, but the 
black sands of the Travnneore coast are its sources of greatest 
imciartance. Hero it is deriiiWi trom the gneisses and associated 
po^tites which build up most of southern Travancore, whence, 
wiSi quartz, garnet, monazitc, ztreon, anzomte, silUmamte atsd 
rutile, it is ca^ied by the rivers to the sea shore and concentrat^ 
into ^rtain patches of sand lying along the beaches between Nmdi* 
karat, north of Qmlon, on the west coast, to Cape Comonn and 
thence up the esist coast to Liporuro, m Tirunelveli dismct, a 
distance of about 100 mila. Smaller patcha of similar a« 

also knotaiTt on the beach® of Malabar, Ramanaihapuj^, T^jore, 
Visakhapatnam and Ganjam and are being worked ^ at 
Malgund, north of Ratnagi«. Bombay. India's reserves of ihaemte 
in this form alone total between 300 and 350 ^lions 

The Tta^'ancore sands are exploited at Manavalakunchi near 
Kolachcl and at Kovilihatam, 8 mih» north of Quilon, and, as 
won. rr mtain w to to per cent of tlmemtc, averaging about ^ per 
cent of titania (titanium dioxide, TiO-), with monazite, arcon, 
garnet, rutile and sillimanitc as by-products. Kumc, the natural 
dioxide, with 60 per cent of titanium, which fo™ mmi to ^jJ« 
r ^f of the sand grains and some 2 per cent of simile depcBits in 
Ceylon, has a much higher market value than ilmenite, owing to 
its special uses, higher metallic content and grater K^ity. It is 
iccovemd firom the zircon fraction of the s^d, m which it foi™ 
about 12 per cent of the total. Rut^ is plentiful m the 
bearing rocks of Lansa Bum in Singhbhi^, but not ^t bcM 

tecove^ commercially. Arizoniw, wl^h ro^ns with i^e d- 

menjte, is another titanate of iron, FciOi-STiO^ with about 36 

ii«r Wit of dtaniuim ,, - 

Titanium-bearing maguetiteJ occur La Smghbliiim^ ^yurb^J, 
the Channapatiia area of Mywre^ and other pUee^ 
ara of this type described by J- Dunn and A, K, Dey from 
Smghbhum^ for example, average 17- 47 cent 01 utaiu^ 
thouirh 'i^ou» pTOcases bem dadsed m some counfria to 

pf^uce pig iron and slags^ usabJe as a sourte of titamum 
pounds, from such tnatcriala, the ncccssi^ does not m In^a 
with its TOst resources of more tractable iron or« aim oi iLmenitc^ 
A further potential large^^e source of ataniura exists m 
Indian btcrites and bauxites, the latter often containing upwards 
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of 8 per cent tjiania, and forming a ui&thjl b)r-product of the alumin* 
Luro industry of the future. Methods for its nscov^cry have already 
been proposed by a number of Indian ehemUta. 

Tltamum b a siiwery-white, light metal with a density of 4-5 
(compiired with a-7 for alundmuni and 7-S for iron) and a melting 
pobt of 1795* C,, compared with 1537“ C. for iron. It b strong, 
hard and tough with great resistance to corrosion^ combining, it is 
saidj the properties of stainless steed with those of the strong aJumin- 
ium alloys^ ^d is now obtainable in limited quartlitics in a wide 
range of fabricated products. It is made commercially by various 
me^odSf including the reduction of its tetrachloride with magne¬ 
sium^ but its high cost of production sei-ereiy restricts its use at 
presents When improved and cheaper methods of production 
nave been ini^ented^ its applications in structural and mecbanical 
engineering will expand rapidly^ li is reported that a contract 
was signed on to August 1953 betVi'cen the Brttbh Ministry of 
Materials and Imperial Chemical Industries Ltd under which 
this firm is to censtruCE the first full-scale plant for the manufacture 
of metallic utanium in Britain and that producdoii is to commence 

tn 1955- 

Ferro-titamum, used at one time to deoxidize steel made by the 
Bessemer process, is now employed to mtroduce titanium into 
foundry' irons and info steels of miscellaneous types, particularly 
into the chromiuiri'niekcl* heat-resisting and stainless varieties, as 
well as for cleansing purposes into steels that are to be rolled into 
gal\'anized sheets or tinplates, or made into enamelled ware or 
stamped articles. By reason of one or other of its properties na a 
gas-removing, grain-refining, age-hardening or Etrengthening ele¬ 
ment, titanium is to be found in a number of nickel, nickel-cobalt 
and aluminium alloy's, as well as in those used for the manuEicturc 
of permanent magnets. 

Titanium carbide is extremely hard and is incorporated with 
the carbides of tungsten and other metals in tools for cutting steel, 
in dies and in abrasive wheeb. TTie electric welding of steel, 
which has superseded ri%neting in many processes, necessitates the 
employment of rods coated with rutile or titanJum dioxide to 
stabilize the arc and 10 improve fluxing. 

Titanium compounds arc cmploy'cd in the manuiacturc of 
vitreous enamels for steel and cast-iron goods, in the production 
of hone>'-ycUow underglazes for porcelain and in the ivary finish 
of artifici^ teeth. Titanium dioxide, either alone in amounts of 
8 to 12 per ctntj or with the addition of zinc oxldci produces the 
pleasing ■ crystal * glaze3 of poredain. Other titanium salts have 
their applications in glass-making, while rutile and the magxtesiuni 
orthotitanates derived firom it enter into the composidon of electric 
condenaera because of their high dielectric constants; further, ih* 
dtanates of barium and strondum are the predominating 
components of the ultra-high insulating ceramics. 


TITANIUM 


243 

Certain umnlum sails are used as catalytic agcnis. Bath titan- 
Qus chloride and sulphate possess strong colour-reducing properties 
and arc employed as Btripping agents for woolj CottoR» viicose and 
acetate textiles ag well as for decolorizing paper* removing iron 
Stains and bleaching discoloured whites in laundering; in sugar 
refifiing' in texUte printing; for the removal of iron from sand to 
be used ibr making optical glass and as analytical reagents. Titan¬ 
ium phospho-oxalatc and ticamuin potassium oxalate are fixing 
agents in the dyeing and staliung of leather* and themseLves yield 
fast, ycllowish-brciAii shades on vegetable tanned leathers» 
tctrachlorLdc, a 9traw*colourcd liquid, furnishes rang)e*finding 
devices and obscuring smoke screeug for land and sea operations 
in T^'arforet as well as the subsLance of ‘ ak>'-ivri ting ^ by aircraft in 
times of peace. Artificial rutile, a product of the electric ftimaccj 
is cut into synthetic gems- 

Most of the world*s production of ihnenile^ however, is con¬ 
sumed in the manufacture of the titanium dioxide pigments, which 
by reason of their opacity, covering pow-er* chemli^ mertucssj low 
specific gravity, non-toxicity and cheapn«s are employed on an 
increasing scale in white paints, enamels and lacquers for Indoor 
use. * Titanimn white ^ as the dioxide is called, coprecipitated, 
or mixed with barium or catclum sulphate or with Lithopone as 
extending agents, forms the basis of many paint? both for interior 
and exterior decoration. The same material, with its high index 
of refraction, brightness, fine subdivision and ready dispersion, is 
widely tised in the manufacture of the better grades of paper, 
as a deluslrant of rayon fibre and as a white colouring for 
rubber compositions, printing inks, plastic article^, soaps and 
cofimetics. 

The phenomenal expansion of ilmerdte p^uction in India, 
from 400 tons in 1912 to over ^50,000 tons in 1938, is a measure 
of the rise and development of * titamum white By the end of 
1938, over 1 million tons of ilmenite concentrates had been shipped 
abroad from the Travancorc beaches and this had risen to over 
2 million toils by 1945, w^hile the grand total production up to the 
end of 1950 was 3*303,625 tons, ofa nominal value of Rsj, 16,11^39. 
The average annual output for the five years ending 1948 was 
189,655 tons valued at Rs 20,22,487. The commercial pr^uction 
of rutile from the Travancore sands commenced in 1939, and up 
to the end of 1950, 10,670 tons valued at RsJ5*55st% had been 
recovered. From 1945, the Tmvancore State assumed control of 
the deposits and the sale of the products derived from them: the 
four firms formerly engaged in the business—Travancore Minerals 
Ltd, Hopkins & Williams (Travancore) Ltd, F. X. Pereira & Sons 
Ltd, and The Associated Minerals Co. Ltd—now work as agents 
of the State. The mannJhcture of litaniimi dioxide pigments was 
conunenced iu India during the autumn of 1951» M the works of 
Tra\»ancorc Titanium Prnduets Ltd. 
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The world's anDUiJ average production of ilmenJte for the five 
years ending 1938 was in ihc neighbourhood of 230^000 tonSp and 
India alone responsible for over 70 per cent of this, followed 
by Norway with 2^ per cent^ the remaiiider coming from Malays 
(3-a per cent)* Smcgal* Cana d a, Portugal, Egypt and Brazil. The 
whole of the Indian output was exponed, mainly to the United 
States and the United Kingdom. The vmrld^s demand for ihnemte 
Is increasing and b lihely to continue to do so; at the same tinier 
it is doubtful if India will retain so preponderating a position in 
the ilmenite trade of the future as she has ocenpi^ in the past, 
p competing sourcM of aupply are developed. The output of 
ilmenite in the United States was under 5,000 ions a year in the 
period 1929 to 1938; war necessities compelled the opening-up of 
domestic resoiirce^j for ilmenite ts not a rare mineral, so that 
today the U.S,A. heads the !iitj having produced 47 percent of the 
world's total of 721,000 tons in 19^, against India's share of 
about 33 per cent- 

TUNGSTEN 

Wolfram, the chief ore of tungsten, is a mixture in any propor¬ 
tion of two minerals—ferberitc, the tungstate of iron, FeWU*, and 
hiibnerite, the tungstate of manganese, MnWO ^; die former con¬ 
tains 70 per cent and the Latter 7a' 6 per cent of tungstic oxide WO,* 

Tungsten is a hard, heavy, greyish-white element with the 
highest melting point, 3382^0., nf all the metals as well as the 
highest recorded strength* Its most fa miliar use, vndten drawn into 
wire of extreme thinness, is in electric light bulbs^ but apart from 
this it IS an essential material in very many forms of cJectrotiic 
equipment, including X-ray tubes of all kinds; gas discharge, 
fluorescent and projECtor lamps; radar and television apparatus; 
radio transmitting and receiving valves; ionization gauges and 
cathode-ray tubes, particle acederaton and mercury rectifiers- 
Tungsten is also employed in spark-plugs, ignition and other con¬ 
tacts and tips, welding elcctroilesp glass-to-metal seals and 
crucibles- For most of these uses it has no satisfactory substitute, 
yet, taken all together, they make little impression on the con$ump* 
tinn of wolfram- 

By far the greater proportion of the tungsten n^uTacturedi 
estimated at 85 per cent of the total, finds its way into ferrous alloys, 
much of ic as fcTTO-tnngstcn; some 8 per cent is made into tungsteri 
carbide, while clecucmics and miscellaneous uses account for the 
remaining 7 ,P^ (xnt. Just as tungsten filaments revolutionized 
electric lighting, for a tungiten filament lamp is four and a half 
times as efficient as a carbon filament cme, so the high-speed 
tungsten stceb changed the whole character of the metal-cutting 
business. A machine using a tungsten steel cutting tool can be 
run at five times the speed possible with one using a carbon steel 
tool; funhermofc, die tungsten lool maintains its cutting power 


&46 the steel-hardenzno metals 

up %o red hat ajQd is scir-Lcmpermg. Tungsttn h of irital Import¬ 
ance in induatry, espetiaily in timcA of war or preparatton for war* 
and it has been truly stated that to deprive a nation of this metal 
would cripple its military power and min its industria] life in times 
of peace. 

High-speed aiccis in common use contain 14 to i 3 per cent of 
tungatcrij with 4 per amt of chromium and i to 3 per cent of vanad* 
iunij though there are many variadom on this formula in some 
of which molybdenum and cobalt also play a pan. 

Tungsten also enters into the composition of steels for armour 
plate, gun barrclSp annour-piercing shells, railway lincs^ tar springs^ 
resistance wires* valves and valve scats of internal combustion 
engines* dies for wire drawing* drilling* cutting and grinding tools* 
kwk and razor blades* hack saws* files and many other appliances. 
It is abo a component of the stellites^ more fully describOT under 
Cobalt. Tungsten carbide is much harder than the hardest steels 
and* with met^lic cobalt as a binder or rnatrbe* it is formed into 
the tips of cutting tools wWch for some purposes are superior to the 
high-speed steeb. This and similar materiab made from tungsten 
and titanium carbides with cobalt^ nickel or chromium, arc also 
used for tipping rock drilb^ wire-drawing djes* cutting glass and 
poredain and for general purposes where a super-hard substance 
is required. The quantity of tungsten consum^ by the chemical 
indusiiy 13 not large; ra dmi iim tungstate bi said to be used in pre* 

! iaring X-ray screens and sodium tungstate as a fire-proofing agent 
or cloth. 

India's knowTi woKhun deposits are restricted in size and low 
in grade; though capable of yielding a small prgductioti in emer¬ 
gencies they are not remunerative to mine in normal times, Tliin 
veins and stringers of quartz* in terbedded with mica and lourmaltnc 
Bcbisis of Dharwar age* at Agargaon, Nagpur district* Madhya 
Pradesh, yielded about 6 tons of the mineral in the period t907 to 
1914* and a further 8 tons were won in 1916 from small quarts 
veins id mica schists of the same age* at Kalimatl, Singhbhum^ 
Quartz veins travmii^ pbyHites and quartzites at ChenndaiMthar* 
in the Bankura district of West supplied 45 tons in the 

period 1945-3* and recently small amounts of wolfram and schcelitc 
have be™ found by A, Hunday in a quartz vein north-north-west 
□f Porah pahar, about 14 miles further north. The w'olfram-bearing 
qiiarLZ*bodics in Arav^lJ schists at Jher and PaUa, Ahmedabad 
dbtrici* Bombay* have proved too lean for exploitation. Wplfram 
has also been found at Kada\'ur and on the Ururakarad, in the 
TiruchirapalU district of Madras. 

On Rawat Hill, near Degana* Jodhpur, Rajastharij wolfram 
OCCUJ3 m veins and stockworks* with fiuoritc, biotite and small 
quantltia of pyrite* cbalcop)Tite and the phosphates triplile and 
libethenite, penetrating both granite and Arav^U phyHites* into 
which it is intrusive. Here, as cbcv^here, it is also found in the 
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local eluvial depgsit? into which it has becD shed by dcoudadoii. 
Diicovered in 1913 by SuraJ Ftaka^h^ these dqKniEs yielded 308 
tons during World War 1 (1914-18): idle for seven yew» produc¬ 
tion was started again in 1926,. but pnly 30J tons had been won up 
to 1933* Another blank period followed^ until the itLmulation of 
^e demands of World War II led to a re-openlng of the old work¬ 
ings in 1937- In 1942, a conceairating mill was erected at Rawat 
and the avera^ wolfram content of the vetns estimated at 0-65 
per cent# During the decade ^937 ^ 307 tons were produced^ 

but by t946» output bad lallen to 3 tons per annum and then ceased# 
Schcelite, the tungstate of calcium^ occtirt in the gold-bearing 

S rt? veins of the XangundJ areap cast of Bisanattam, in 
ttoor district of Andhra. Old mine dumps la this region 
a3sa>ed 0-25 per cent tungstic osddc (WO,) and 0-04 per cent 
metric tin. 

In Burma, quarct veins containing wolfiram have been found 
at intervals o^^er a distance of 750 miles, from the Yengan and 
Mawnang States of the Shan States in the north, through the dis¬ 
tricts of Yamctlun and the State of Karenni, to the Thaton* 
Amherst^ Tavoy and Mergui districts in the Bn south. In all these 
localities the wolfram and cassiterite-beariog veins are most inti- 
matcly associated with the intrusive biodte granite which forms 
the cores of the mounmln ranges of the Indo^Malayan ^ystem^ 
stretching ftirther south still through watem Siam to the Malay 
Peninsula. In Lower Burma the granite is intruded into a serJa 
of shales, states, argiUites and agglomerates with subordinate quarl- 
ziiea^ limestones and conglomeraleSj. probably of Garboniferouj 
age, and known as the Mergui Series. Both wolfram and cassi- 
leriEc occur very sparingly as acoessory mmerab in the granite. 
They are also fbund in pegmatite and aplite VTCins and in the 
gieisen bands which traverse it. The mlnerahbearing quartz 
veins, howe^'Cfp are of greater importance, and they are to be found 
either in the granite, or penetrating its contacts with the sedi¬ 
mentary rocks, or, again, enclosed within the latter themselves at 
no great distance from the granite. Under die influence of denuda¬ 
tion the veins shed their metallic contents mto the eluvial deposits 
of the hillsides, from which a great deal of woU&nm and tinstone 
have been won. The latter mineral also Ends its way into the true 
alluvial depctiiis of the river where it can be recovered by 

dredging. The ores were formed partly under conditions closely 
allied to strictly magmatic ones, and were also produced by processes 
in which gaseous agencies, including compounds of fluorine and 
Sulphur, to some extent pla^^ a part, and in rare cases by hydro¬ 
thermal reactions which followTcd as a consequence of the former 
Ones. 

Along the scarps of the Shan Plateau, in the east of the Vamethin 
district, there arc three areas where both wolfram and cassltcritc 
occur in quartz veins and pegmatitei of a cOELr^-grained biotite 
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granite and in the s-edimentary roclts bordering its intnwion. The 
Pidaigyaiiog*Peiiincdaik-Hjnanpya area b the richcjt of the three 
smd one of its mines used lo produce over aoo tons of coficentrate 
per annuEfl- 

Karenni pOMCBa the wery important Mawchi mine^ with an 
average annual production for the four years ending 1939 of 2^3§o 
Ujni of wolfram and 2|733 tons of tin ore- HcfCp a lirgt number 
of quanz veins, mostly under four feet in thiebraa* were mined 
both in the biotite granite and in the slates and argillites surround* 
ing it. The accroory minerals are scheelite, tourmaline^ pyrite, 
aracDOpyritc, chalcopyritc and galena. 

The Thaton dJjtrict has two separate producing arcas^ the first 
on the Imig granite ridge of ZSngzeikj with thin but persistent 
wolfiam-bcaring pegmatites and quartz vemt, some traceable for 
three miles, both m granite and in hardened sedimentary locictf; 
the second on the western fiank of the Dawna Rartgep not far from 
the Thailand border 1 where, once more^ the normal biodte granite 
carries many quartz veins of the usual type. It Is a richer area 
than the first-named, which possesses no great Importance. 

The leading wolfram depwits of the Mergui district arc near 
Palauk in the north, and at Tagii in the valley of the Great Tenas- 
scrim rivers hcrcj as dhewhere, the veins are mined by under¬ 
ground methods during the dry scajon^ but during the monsoon 
operations are largely confined to sluicing the duvbl deposits, both 
by the UK of monitors and by hand methods, for the recovery of 
wolfram and tinstone^ while the true allu%Hials of the valley bottoms 
are treated for their cassiterite contents. 

The Tavoy district, with Its area of 5,308 square milra, b by 
far the moat important, and in 1939 there were over 190 producing 
concesrions in it, compared with just over lOo in 1918. Most of 
them are shallow workings operated by methods primitive in the 
extreme, but others arc deep mines under efficient technical control 
and equipped with modem concentrudng planu The largest mines 
are at Hermying>7, Widnes, Kanbauk, Bwabwbip ByaukchaungT 
Pagaye, Wagon North and Paungdaw, and they are situated for 
the most part on or near the granite ranges which build up much 
of the district. 

" The tungstate of iron, or wolfiram sand/ wrote Eh- Maaon m 
his classical account of Tcnaiaea-iEii, published in 1849, * much 
resembles tin and is found in most neighbourhoods where that ore 
is obtained.' The nuneral was completely overlooked, however, 
until 1908, when h was rediscovered oy J. J. A. Page of the Geo¬ 
logical Survey of India. Mining commenced m 1910^ and in 19^^ 
an Output of t ,300 tons made Burma the chief wolfram^producing 
country in the world at that tknCj a position she still occupied in 
1914 when World War I found the British Empire dependent: on 
Germany for its lungatcn supplies. The situation was successfiilly 
dealt withj and between 1914 and the end of the war in 1918, 
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17*642 tons of wolfHnn, viaiucd at ^(^2,323*000^ wm exported to 
niMt the demands of the AUied Powers for thb manM metah aJtd 
of this quantic^T t4iCStOO terns tame from the Tavoy held alone. In 
the meantime high prices spurred on production In other countries 
and by igifi the United States of America and Bolivia had both 
outstrippw Burma. By 1917 large quantities of wolfram were 
being shipped from China, which rapidly became the largest pro¬ 
ducer in the wwld. Stagnation follow^ the boom but revival 
came again as the world's armamcrit Industry began to accelerate 
111 preparationa for World War II, and the graph of production on 
page 250 demonstrates better than a verbal description can the 
changes that ic>ok plaec^ partieuLarly bow output rose to its peak 
of 7,052 tom in 1939, to be followed once more by the inevitable 
decline* intensified in this by Burma being overrun by invading 
Japanese armies in *942, In the foBcwing table* statbticS nf pro¬ 
duction from 1914 to 1940 are summarized. 


PRODUCTION OF WOLFRAM IN BURMA, igx 4-'40 


Period 

Averx^ auutmi 
Production* 

Tms 

Av'era^e Afuiiml 

Vihic 

Ri 

1914-18 
tg 19-23 

X524-8 
1939^3 .. 

*934-8 

955 

2,355 

4 x 4 i 8 

■5^^735 

4,B£.75;1 

5P.*4*T36 

m *- W U 

^ m m 

* CooctTVtr&ia with 60% WO*. 


t Inchida iwB^eh lodia. 


Z itidudES 47 tom from IndiL 



Nn reliable figures are available for the pmt-war period until 

1947, when Burma produced 349 tons of wolfram concentrates and 

1*230 tons of mixed wolfram and tin ore concentrates- From 1948 
to 1951, inclusive^ w'olfram were w^on, as well as 

tons of mi-xed tin and wolfram concentrates in 1950 and 1951. 
The rehabilitation of the industry has been hampers by disturbed 
political conditions since the country attained Jta independence in 

1948. 

Between the years 1937 and 1946, India, as distinct from Buima* 
produced a total of 353 tons of wolfraiii, valued at Rs 8,04*550* and 
of this quantity 88 per cent came from Jodhpur and the rest from 
Bengal. 

World production of tungsten ore in 1939* in teims of 60 per 
cent WO| concentrates, was approximately 34,000 tons, to which 
China contributed 33^6 per ctot* Burma 30'B pet Cent* Portugal 
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11' 4 per cent, the Uniied Statca f i ^3 per ccntp Bcjlivia 9^8* Afgen- 
ima 3'9 and Australia 3-0 per cent- Incomplete mums for 19^ 
rct^eal a world^s estimated production (again omitting the Soviet 
Union} of M>me 26^500 tons, of which Ghma waa probably" res* 
ponsiblc for over 35 per cent^ followed by the United States w'ith 
[5 per cent, Portii^l with about to per cent and then by Bolivia, 
Brazil and Australiap in the order named. The violent fluctuatioiis 
of the demand for wolfram arc well iUustrated by the world^s pro¬ 
duction figura for i943j when over 56pOOO tom w^ere produced, 
compared with t9+7i when less than t&^ooo tons were recorded. 
Burma possesses great resources of tungsten ores, recoverable either 
independently* or as a by-product of tin mining* and it is hoped 
that the day is not distant when she will again enter the li^ts as a 
large producer of both these valuable znincrai commodities. 


VANADIUKf 

Vanadium is a soft* malleable, silver-white metal made by 
reducing its pentoxide with calcium but which at present has no 
Industrial uses in its dcmeniary form* The world's production of 
I'anadium ores* reckoned in tons of die metal* averaged about 
3,200 tons in the period [939 to 1943, and had fallen to some 1*800 
tons m 1950, though this takes no account of output in the Soviet 
Union or its ftatdUte States* It is said that approximately 95 per 
cent of the total output is used in the aUoying of steel and the 
remainder consumed for chemical purposes. The element is 
Introduced into steel either in the form of the oxide,; or as fcm>- 
vanadium* and even in very' small amounts imparts strength and 
ducdlityj producing at the same time a ^er-gmlned product more 
resistant to shock, Esttigue and loisional strains besides acting as a 
powerful deoxidizing agent. Vanadium steels, which may also 
contain one or more of a number of other alloying metab such as 
chromium, nickelp manganese and molybdenum* serve a Large 
variety of special purposes, especially in tlic construction of axles, 
springs and other parts of motor vehicles and railway rolling stock. 
They are abo used for boiler plates and pressure ^^esscls* rock 
crushers, armour plate, gun shields and ordnance, as well as for 
cons^uetional steels. Vanadium Is sometimes added to cast iron, 
and it is an important ingredient of many of the high-speed cutting 
and die steeb* 

Vanadium pentoxide is a widely used catalytic agent in the 
i^^ihcsis of ommotua, and in the maniifacture of sulphuric acid is 
displacing the more expensive platinum in the contact proceu. 
^me of its alts have Umiicd uses in the paint and gla^ industrica, 
in the priming and dyeing of fabrics and in pharmacy. 

Vanadium-bearing titaniferous magnetites with a percentage 
of the pentoxide (VjO,) varyji^ from 0 ■ & to 3 per cent occur near 
the southern border of the Dhalbhum subdivision of Singhbhum 
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and txitnd inio Mayxifbhanj, the more imporumt locaJIdcs includ¬ 
ing Kumhardhubi and Dublabera. Similar om Kave also been 
found near Niiasahi in Kconjhar. According to J* A. Dunn and 
A* K. Dey, they in very dose aaociadon with basic and tdtn- 
basic rodci^ sametimea altered to 5eipenttn«, mone often to epidio- 
butj as a rule, little dimiged from the ortguml basic gabbro 
of which they are magmatic segregations. The vanadium is cem- 
tained in a new mineral named coiitsdnite^ a variety of magnetite, 
FcO.FC jO^, in which part of the ferric iron is replaced by vanadium, 
giving me formula Fe0.{FcV)j03, Since its discovery in India, 
this mineral has been found in OntariOj Canada and in New York 
State of the United States of America. 

A green mica distributed in a quartiilc at Nfahalgaon, Bhandara 
district, Madhya Pradesh, contains 0^48 per i:xnt of vanadium 
oxide (V»Oi) and a+ 74 per cent of chronuum oxide (Cr^Oj): 
according to S. K. Chatteijce it appears to be intermediate in com- 
pc^tton and optical properties betwero fuchsite* the chromiferous 
mica, and roscoclite, the vanadium-bearing mica. Such roscoelidc 
micas also occur in the kv'anite and sillimatute^bearing rocks of the 
Bhandara district. Roscodite^ with 1^5 to 5 per cent vanadium^ 
has been used as a source of vanadium in the United States. 

Vanadiferous magnetite with an average content of 0^516 per 
cent of I'anadium pentoxide (VjO|) and up to 0'85 per cent of 
chromic oxide (GraOn), occurs to the north of GodasaM, Nilgtrii 
Orissa, where, according to Nandi, about 200,000 tons are 
available. A smaller occurrence with 1^08 per cent of the vana¬ 
dium pentoxide and 1 ■27 per cent of the chromium oxide (Or^O^t 
is known at Rangamati, in the same area- Vanadiferous magnetite^ 
amounting to atout 50,000 tons according to B. Gupta, occurs 
as lenticular bands in the ultrabasics at Nausahi in Keonjhar dis¬ 
trict, also in Orissa. Two picked samples gave 0*92 and 1 *84 per 
cent of VjOs on analpis* 

The world*s vanadium supplies arc drawn for the most pari 
from the patronite (vanadium sulphide) deposits of Minasragra in 
Peru, from the camoiiic (hydrated vana^te of uranium and potas¬ 
sium) and roscoelite deposits of Colorado and Utah, from various 
^'anadates of lead found in the oxidized portions of the lead-zinc 
ore deposits of Broken Hill, in Korihem Rhodesia, and from similar 
ores of the Otavi region of South-West Africa. 

The ashes of certain coals, hydrocarbon 01 b and asphaltx contain 
comparatively Large amounts of vanadium, which is profitably 
recovered from the soot of furnaces burning such fuels. It has been 
found in the ashes of lignite at Ne^Trli^ ^uth Arcot, iladras, and 
reported (and denied) chat the ash from the Varkaia lignites of 
Tmi^aimorc contains a per cent of vanadium oxide. 

The possibility of Inaugurating a v^adlum industry in India 
depends on the successful ^velopmeni of a methtsd of its recovery 
from the tiianium-bearing magncuies, but further investigaijon of 


ztncoHivu ^153 

^^nadlum conijent of the greem mic^, of the a^hes of ItidLafi coala 
and oils, and of iti occurrence in Laicriica, bauiitca and bLaat-romacc 
sUp, might Icid lo a modificatioa of this view, 

ZIRCONIUM 

The two ffiinemU baddrle>ile (or brazilitc), the nnturai osidt 
of Eircorumn (ZfOJ, and zircortj lircotiLum siUcate (ZrSiOJifc with 
60*3 per cent of the metalp compared ^rith 74'0 per ant in the 
oxide^ supply most of the world^s requirements of zirconium and 
ill coEupounds at the present timCp requinemems w^hich have grown 
rapidly in recent years and are Ul^Ly to expand < Baddelcyite was 
discovered in Ceylon, in the gem gravels of Ratnapura^ but is only 
of economic importance in BraziL Zircou Ls one of the commoner 
accessory miue^s in all kinds of i^eoiis rocJup but especially of 
graniteSt pegmatites and nephcline syenites. From the pegmadtie 
varieties of the latter group as well as from other sources come the 
bri Iliantp precious kinds of Ceylon and Burma, described under 
Ge.us. The sand derived by the weathering of the slrcon-concain- 
ing rockSp after their lighter portions have been Avashed away, con¬ 
tains concentradons of the heavier, more resistant minerals such 
as zircon, monazite, rutile, ilmerutc and garnet- Thus it comj^ 
about that zircon is obtained as a by-prmuct in the winning of 
monazitc and ilmenite firom the fine, granular, black sands of the 
Travancore coast, in which it occurs to the extent of about 6 per 
cent. Zircon production commenced in igaa and from that time 
until 1946, when the publicadon of further stalisdca cjcwd for 
strategic reasons, 38*094 tons, valued at Rj 14,61,000 approxi¬ 
mately, had been won. For the same reasons it is not permissible 
to discuss the probable future of the industry here, except to add 
that large reserves of zircon exbt, sufficient to meet any dommdc 
demand that is likely to arise elth^ now or in the distant future- 
Zirconium is a soft, lustrous, greybh-while metal, produced 
either by the thcniLal dissociation of its tetraiodide, or by the re¬ 
duction of its tetrachloride with magnesiucii, and is obtainable in 
commerce in the form of powder, sheet, wire or rods. It is very 
reactive with both nitrogen and oxygen and burm brightly when 
heated in the air, a property accounting for its use in Bashllght 
powders, primings for cxploaivcs, and in the removal of truces of 
gases from vacuum devices of variotu kinds. The toetal is said to 
have great resistance to the attack of alkalis and is used in parts of 
rayon-spinning machines. Alloys such as ferro^zircoiiium and 
zircomum-fcmwUtcon arc used to remove oxygm, nitrogen and 
tmn-metallic impurities generally from molten steel, and in to doing 
to give the finished product greater ucufoTTiiity in composition and 
grain. Fcrro-zirconium Is made in the electric furnace by the 
reduction of mixtuTes of zircori and iron ore, or by the alumlno- 
thennje smelting of the mixed oxides. As an alloying addition to 
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special 5 iccht zirconium mcreajses ductility nnd rwistantc to shock 
and fati^c^ such steels have been employed in the manufacture 
of Hghi atrmotir-plate and projeedtes. Fractional percentages of 
the metal added to the nickel-chromium alloys lengthen their 
operaucinal Hves In industriai and domestic heating apparatus. The 
strength of copper is very greatly increased by the addition of hrom 
5 to to per cent of zirconikiin, and it forms hard alloys with nickel 
which have been used as tutting toob. Its alloys with magnesium 
arc referred to under KfAQNESitJM and CaRluw, the outstanding 
effects of the metal being evident in intensive grain refinementi 
improved corrosion resistance and better workability. A recent 
authority has stated that the drccmium-magncsium casting alloys 
are l^ecoming increasingly popular both in the Uniied K^dom 
and abroad, and that virtually every new aircraft flown in Engkmd 
at the present time contains an appreciable number of zirconium 
alloy castings, either in its structural components or in its engines^ 
Of in both. 

The rare clement hafliium U a constant associate of zirconiLmi 
in its natural compounds, their rebtionship having been oompaned 
to that existing bcwccn niobium and tantalum or bctw^ccn adjacent 
members of a rare earth series i belonging to the same group in the 
Periodic Classiflcation^ they possess similar chemical and physical 
projicrtles, and the separation of hafnium from zircomum is a 
tedious procesSi This has a bearing on the potential use of zircon¬ 
ium in atomic energy developments* particularly as a sheathing 
metal for the natur^ uranium rods in nuclear reactors, or as a 
modemtor. Sir John Cockcroft has stated that for these purposes 
zirconium with its Imv absorption capacity for neutrons must he 
free from the strongly absorbent hafnium- 

The natural silicate zircon b stable to about 1800® C,p w'hcn it 
di^ociates into ztrcoiiia, one of the most refractor^' substances 
known* and a siliceous glass. It is being employed increasingly In 
a number of metallurgical processes further described under Bje.* 
FRACTORiES^ Graded zircon sands* with the addidon of a suitable 
bond* make useful cements for coating the siufaoes of less resistant 
refractories. Zirconia is employed in the manufacture of special 
porcelains* such as those usra for sparking-plugs, where its high 
dielectric stren^ and power to resisc temperature changes under 
rigorous conditions axe ^stinctlve. It is also a component of some 
types of heat* and chtmical-resisling glasses, and has other applica¬ 
tions including its use as a white opa^er in vitreous enamels and 
ceramic glazes* where it is said to be replacing both tin and anti¬ 
mony compounds, as well as in white paints and lacquers. It is 
also incorporated into some forms of white rubber and lather as 
well as into polishing and toilet powders^ A recent official 
American report classines the existing industrial uses of zircon in 
that countrv' as follows—refractories* 45 per cent ; foundry facings* 
tg per cent; porcelain enamels, 7 per cent; metals and alloySp 
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7 per cent; potteryi 7 per cent; cLectricEl and chemical paredamj 
3 per emt; gias^, i per cent i miscclLane&uii li per cent- 

MoAt of the world^s zircon supply ii At present derived from 
naturally concentrated beach saneb^ recalling those of Travancore, 
which are situated along the coast and its accompanying dunes 
bct%steen Cof^ Harbour in New South Wales and Stradhrokc Iiland 
in Queensland} AustraiiiL From this source alone came almost 
a3}000 tons out of on estimated world^s total of between a&,ooo and 
37,000 tons of zirconJiiJii minerals in 1948^ The Australian con- 
suropdon of aircon is amiaJil and by far greats part of the pro¬ 
duction is eirparted- Brazil is the second largest source of supply 
and in 194B gave about 3,500 tons to the world's markets, mjumy 
of badddeyite. Other producing countries include the United 
States of America, French West Afnca, Egypi^ Madagascar and 
Norway 
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CHAPTER VI 

THE LIGHT METALS 


aluminium 

Alukintum, the silver)' ductile metal wiih a densitv aboui onr-third 
that of siccl or brass, owes iis industrial importance to tu U^htjicas 
and the case with which it can be fabrirated-^mllcd into shcetSp 
strips, plates and sections; drawn into tubing and wire; forged* 
c^t, extruded or powdered; joined, extended, spun or coloured 
after anodizing. It alloys readily with other elements, particularly 
copper, magncsiuin, silicon, manganese and zinc* forming both 
wrought' and' casting " alloyis, many of which are harder, stronger 
and tougher than the pure metal itself. It possesses marked cor¬ 
rosion resistance* high electrical and thermal conductivity and is 
a good reflector of light and radiant heat. 

Though it is the most abundant metal in the trust of the earth, 
it is troublesome to separate from its natural compounds and sixty 
years was little more than a laboratory curiosity. By the end 
of the first world war in 191S, the world's production of the metal 
was only about [50*000 tons per artnum; in tg^y this had risen to 
nearly half a milhon tons, in t^i to almost one millipn tons* and 

*943 short of two million tons; in 1950 approximately 

one and a half million tons were made, excluding the production 
of the U,S.S+R+ and her satellite countries. The expansion during 
the i^od of the second world war was in great measure due to 
martial demands ftom the aircraft industry* naval doclcy^ards and 
ordnance factories. 

The group of allo)^ of the duralumin type, which contain 3 or 4 
per cent of copper and imaUcr quantities of magnesium and other 
metals, are used in vast quantities in the framework of airctaft^ 
Threequarters of the frame weight and up to one half of the "weight 
of engines and propelloi^ of a modern aeroplane are said to be 
made up of aluminium alJoy^p Modified aLuminium-dlicon alloys 
are sand- and die-cast for engine mO‘Untings, cylinder blocks, 
pistons* gear boxes, crank cases and bcai^ housings for internal 
combustion engines. The wrought aluminium-magnesium alloju, 
with a to 7 per cent of magnesium and under i cent of man¬ 
ganese, combine high strength with corrosion-resistance: and arc 
used in the construction of marine auxilii^" vessels. During the 
last war other allop were dcrv'eloped for aircraft armour^ portable 
landing mats for air strips and troop sheltcn^ while alucninlum foil 
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was used in large quantities to baffle enemy radar observations. 
Aluimnium aLlop today find increasing outlets in the construction 
of road and railway vehiclts and their fittings* as well as in structural 
engineering of all kinds including that of prefabricated buildings 
and faridgieSr ^ 

Aluminiiiin cable, reinforced by a steel core* « now a standard 
material for ot'erhead electrical transmission ImcSp as in the case 
of the British National Grid. It aUo haa advaniagcfl over lead as 
a sheathing for other cabled in special potsidom and aa flashings 
for VOO& and w'alls. There are now few branches of human activity 
into which the metal does not enters its muldfarious uses range 
from mining cquipmeni to domestic cooking utensils and household 
appliances, from bicycles to beer barrels, from corrugated ™flng 
sheets to the ' silver paper * wrappings of food and confecdonenfV 
or to imiiation gold ornaments fashioned from aluminium bronw^ 
Alununium powder is a very powerful reduc i n g agent and is 
the foundation of the alumino-thermic process for the production 
of metals, such as chromium and manganese* as well as special 
alloys such as ferro-niobium. The process is also used for the weld'^ 
ing of rails and heavy steel sections* According to Dr G* P. Con¬ 
tractor* the use of aluminium is an almost universal practiw in die 
manufacture of rimming steel. Paint made from aluminium 
powder is unusually durable and possesses both decorative and 
preservative qualities* ^ ^ 

The principles of the processes used in the extraction of alu¬ 
minium today are substantially the same as those discovered by 
G. W* Hallj a fl2-year-old student^ in iS86: the electrolysis of almt^ 
(aluininium oxide)* in a bath of molten cryolite. The ore bauxite 
was in the early days* and still Tcmains, the essential raw material 
from which alumina is prepared. For the profitable operation of 
the process large amounts of electrical energy are requitM* Dr T. 
T* Read* Professor of Mining in Columbia University* recalls that 
it taks -a jjOOO kilowatt-hours of electrical energy to produce a ton 
of aluminium and since if pounds of coal are requin^ to generate^ 
a kilowatt-hour in an average steam power plant, the equivalent of 
ewTOty times a* much coal (without any by-product recovery) is 
required to make a ton of aluminium as a ton of iron. Thb is on 
the assumption that a ton of coal (in the form of coke from which 
the by-products have been recovered) is lufficient to produce a ton 
of iron. This is the reason why aluminium reduction works arc 
usually erected at or near hydro^cctricai generating stations, and 
particularly in situations where there is little other demand for the 
power and it is correspondingly cheap* Four tons of bauxite are 
needed to make tvi'o tons of alumma* to yield in its turn one ton ot 
the metal. 

As long ago as 1SS3* F. R. Mallet of the Geological Survey of 
India found that a variety of latcriEe from Jabalpur distrietj m 
Madhya Pradesh^ contained a large proptirtron of mumJiuujn and. 
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in 1J903» H. and Warlh proved that many Indian lateritcs from 
various parts of Bihar, Bombay^ Madras^ Vmdhya Fradcah and 
Madhya Pradesh are, in reality, bauxites. Sir Cyril Fox's memoir 
on the bauxite and altuuinous Jaterites of India appeared in 19^^^ 

Bauxite is not a distinct mirLerai species but rather a genenc 
term for a number of aJuminium hy^oxidcs often in a colloidal 
condition, Induduig diasparc (common in the Kashmir occurren¬ 
ces), hoehmite, and gibbsite (common in both pisolites and matricis 
of the Indian materi^ generally). Indian geologists apply the term 
to those varieties of laterite suffictendy rich in alummium oxide^ 
and free enough from undesirable impurities^ to be acceptable as 
an aJunurEium ore- X^tente Is a residual product of rock decay in 
iropicai climates subjected to alternating wet and dry seasons, dtir*^ 
ing which silica, lime| magnesia and alkalis are removed in solution 
and the iron, alumimuin, manganrae and titaniiini are left behind 
and rearranged, usually as hydrated oxides. The grealer propor¬ 
tion of the larger spreads of Haterite are fer too ferruginous to be of 
any value as aluminium orcp though exceptioDally they have been 
utilized iMth as ores of iron and of manganese. Between laterite 
and baxixhe there is no sharp dividing line and one may gradually 
pass Into the other. Almost all the bauxites (aluminous latcrites} 
are of primary origin and were formed in the situations that they 
now occupy; moreover, most of the better-known occurrences ai^ 
oonnccted with the decomposition of the basaltic Bows of the Deccan 
Trap. 

It is customary to regard members of the group as femigtaous 
laierites when the percentage of iron is greater thM 40 per cent, 
and as aluminous laterites (or bauxites) when the percentage tJf 
alumininm passes the same figure. The ftat^topped hSlk sq eba- 
racteriatic of regions occupied by Dec^ Trap, and particularly 
the uppermost lo feet nr so of them, arc favourable locations for 
bauxite occurrences. It b common to find that the very top of a 
scarp IS made of the Lron-bcaring variety of lateri tc^ but just under 
this fciTuginous mantle, the best grey l^uxite occurs at depths of 
from t to 5 feet. If an extensive plateau existSj good bauxite is 
frequently found at the commencemerit of the stream courses which 
dram it, either in the bed itselfi or close to its maifglns, laking the 
form of a rough pavemeni. fji such instances there may be a slight 
development of the red ferruginous covering as weU+ 

Recent [nvcstigations have resulted In the following estimates 
of the reserves of tiianifacms bauxite, containing over 50 per cent 
of alumina, on such fiat-toppedp latcrite-cappcd plateaus or similar 
sicuationSi (See table on p* 260.) 

It is to be noted that Indian’s reserves of bauxite containing less 
than 50 per cent of alumina are several times this total of 25 j tons^ 
High-grade ore b also known to occur in Rewa, Vmdhya Pradeh, 
and fuithcT deposits, usually of lower grade, are to be found b 
Ratnagirl and Gujerat, Bombay; Bastar, Madhya Pradeshj Bhopal; 
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BUcuicrr, Kotah and Tonk, Rajaathan. Quite iwently 
airichments haw been discovered on Tungar Hill, near Ba»ciJW 
Bombay» where ihere arc about i00*000 tons of all gradci witti 
30 to 50 per dent AliOi^ and near Mewasa in NawanagaTt bau- 
r^i^htra, where sampl« analysed 42 to 64 per cent AltOu though 
the extent of the deposit has not yet been proved^ According ® 
the United StaUs Btinau of Afiaej Mitural Tr<idt JVVftej VoL 3® IV* 
1953, the Geological Survey of Fakutan reported the ducove^ «> 
1951 of about goo.ooo tons of bauxite along the North-Wtft 
Frontier ftovince aud Kashmir border. ^ j>»» Jk 

Quarryiug for baiudte started in the Katni district of Matml^ 
Pradcah in igo^ and in the Khaira district ofGujerat in ^ 
other districts of Bombay such as Thana and Bclga^ consid^oly 
later and on a targe and continuous scale in Bihar in 1946- “~*f 
areas contributing to the total include Nagod in Vindhya 
and various districts of Mysore and Madras. The total r«o™*“ 
output between 1909 and 1950, inclusive^ was 415,260 tons, mf** 
of which was drawn from die I^tni district, until the manufacture 
of alununium was successfulty inaugurated, since when maier 
attention haj been directed to the l^hardaga deponts of Bihar- 
Up to that time the bauxite had been used for refining 
manufacturing alum and making rehnetory products. ■ , ^ 

113,54710™ during the decade 1934 to 1943, Madhya 

contributed 94*3 per cent and Bo^nbay 5-5 per cent, but m tn® 
nmo quinqucuniuiR, 1944 to 194B, vdlh its tot^ of 83,127 
percentage from Madhya Prad^ had dropped to 65*^ ” 

entered the list of producers with at per cent, while Vindhya 
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Pradoh and Mysore added the reroainder. In 1949 and 1950 
of i{^,94o tons rcmmcd, Bihar gave 31-6 per cait;^ Madhya 
Pradesh 43 per emt vi^hile Bombay and Madras followed with 
3M and a-g per cent respectively- Of the 64^00 tons raised in 
[950, 23,000 tons went to the aluminiuin reduction works and the 
remainder was mainly eonsumed in the maniifacttire of alum and 
related chemicals^ hi^ aLumina cement, re&aciorieSj and in kero¬ 
sene rchnizig+ For some years the average declared ‘ pit^s mouth ^ 
value was about Rs 3-5-0 per ton, thougii this was little guide to 
the real worth of any particular variety and probably mETcly re¬ 
presented the approximate cost of extraction i by 1950 the average 
declared value had risen to Rs 13-io-a per ton- 

The first ingot of aluminium made in India from Indian bauxite 
was cast on ro July 1944 at the works of the Aluminium Corpora¬ 
tion oflndia Ltd, a company registered in 1937 which has its works 
at Jaykaynagar, near Asansol^i West Bengal. These have a capa¬ 
city of 3,000 ions of sheets and circles per annum and rely on steam 
power. The assoclaicd alumina plant commenced opmtioru in 
October, 1942. Another concern. The Indian Alumiruum Com- 
panyp his its bauxite quarries at Lohardaga, its alumina works at 
Murlp m the Kanchi district of Blhar^ its hydro-elccoric reduction 
works at Alwaye, near Alupuram in Travancorc and its rolling 
milb at Belur, near Calcutta. It has been producing the metsd 
since 1943, but as the last war interfered with the erection of its 
plant at Muri, imported alumina was used for the purpose. The 
projected capacity in this case is 3iOOO tons per annum^ but is 
unhkcly to exceed 2^700 tons per annum until more power is made 
available from the Pallivassal hydro-clectric undertaking. The 
combined producti on of the two companies has grown from 1,272 
tons in 1943 to 3,594 tons in 1950, with a total pr^uction of 22,170 
tons of aluminium over that period. In 1951* the Planning Com¬ 
mission considered it necessary that the output of aluminium should 
be increased within the next five years to 25,000 tons per annum. 
The two producing companies are therefore rrquifed to incrrase 
their capacity to 5,000 tom per annum each, and another reduction 
works is to installed in the Hirakud area with a yearly output 
of 15,000 tons, plant for the manufacture of aluminium wires and 
cables has been erected at Kmidara, Travancore, while a factory 
to produce aluminium paste for palms has been constructed near 
Bombay. Aluminium hollow-ware has been made in India from 
imported metal and scr^ since I9t2, when a small plant was erected 
in Madras. 

For the decade ending 193S, Indians imports of aluminium in 
the form of unwrought ingots, eirdcs, sheets and other manoJactures, 
averaged 3,636 tons yearly, but during the three yean ending 1946, 
they readied 5423 tons per annum, valued at Rs 87,62,392. In 
1950, 7,052 tons of wrought and imwrought aluminium, valued at 
over Rs a crores, were imported. This gives some idea of the scope 
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for the developmeni ol dic indifftnow alumituum industry, without 
considering the substantial increase to a consumption of 30000 to 
50,000 ton* per ^um within the ii«t ten or fifteen years'which 
IS ant^ipated. The ec^mia of alttminium manufacture in India 
have b«n disci^ by Dara P. AnUa, of the Directorate of Industry 
Md hupply, who has concluded that unless the industry b backed 
by concerns already engaged in it ebcwhcfc its rapid growth in thb 
country is doubtful. * 

The world’s annual production of bauxite in the period lQ34-a 
war, was m the neighbourhood of armiHion tons; 
r» ^ France, Hunmryv the United States of America, British 

NeS Soviet Union. 

nut ^ Gr^e in order of magnitude of out- 

Lro t ^ tbu latal u believed to haVe been turned 

into metallic alu^um. The war itimutaied producUon cnor^ 

reach^ over 6* nuUion tons, the average 
I y^.endi^ ,^3 being 7,017.000 tons approidirS 
a^dmg to staiistia issued ^ the United States Bur^of Mimi 
^ichjlo not i^udc wunmes with an annual output of less 

ITw e?".*' dwng that period tvas shared as follows: 

Uiuied States 39 prr «i« of the total, France to per cent, British 
Guiaim 15 per cent, Sun^ 14.7 cent. Hungary i2'7 per 
cent, I^y 6;5 P«r cent, U.S.S.R. 4 per gent, Yugtlla^ 3.7 ^ 
CCTt. Netherlands Indies 3 P« cent and the render divi£l 
about e^uaUy bc^n the Gold Coast and Ireland. The world’s 
p^i^tiOQ in was considerably over 8 million tons, about half 
of came fin^ the Guianas and under one quarter from the 

United StotH of America, The U,Sj\, u the hugest aluminium 

producer m the world and b followed by Canait, which relia 
mainly on ore from Britbh Guiana. ^ '-anaoa, cn relics 

The use ofbaiuite in the manufocture of chemicals is described 

most suitable 
t«t than 3 per cent of ferric oxide. 

1 of barite with 55 to 58 per cent of alumina and 

I 5 to ^-5 ptr cent of feme oxide oonunand prices at ]wi half 
as high again as the cruder kinds. 

The crystallme variety of alumina, corundum, u a natural 
^rasive second i^y to the diamond in hardnms, and iis dbtribu- 
tion m India ts d^i bed under Abilssives. Artificial corundum 
IS made by fusing bairtite in the electric furnace and for ihl* parti- 
mlar pi^^ SOTO of the lower grades of the rnineml are accept^le, 
the finish^ product being marketed as powder, grains and special 
iha^ under a great variety of trade names, ^ 

The use of bauxite in the mamdacture of refractory bricks 
and other articles u described under lUrHACTORres. The 
ali^inoiu cements, made by grinding fiised mixtures of bauxite 
and ch^ posse^ very high early strosgth and are immune from 
many forms of chemical action which attack Portland cement and 
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concrete made from it. The rapid-hatdciiing properties^ the rabt- 
aiice to flca^vmler, and to ground’-watcr contalamg svilphatca in 
solution, together with the general iru permeability of atumioous 
cement and concrete made from it* have led to their extended 
in the construction of reservoirs and foundatiotw in marahy condt- 
Uoru, of pim and harbour works, of pipes and sewen for large 
drainage schtmea, of internal linings for water nmncls, of power- 
station fiura and of situations in general where strength is desirable 
in the shortest possible time. Wc are indebted to the Lafarge 
Aluminous Cement Co. Ltd, the makers of *' Ciment Fondu \ for 
this information. 

Baiudte filters are installed in oil refuierici for the purification 
and decoloriaalion of kerosene^ and the mineral from the Khaira 
district of Bombay has been largely used for this purpose- 

Bauxitc production in India will expand with the growth of the 
oluntinium industry, especially as the imports of foreign alumina 
ceased in 1950* and with the further utiliaation of the mineral for 
the ^'arious purposes described. 

MAGNESIUM 

Magnesium is a silvery white, ductile metal which, with a density 
of I ■ 7 +f compared with that of st ■ 7 for alumintum, is also an un¬ 
commonly light one, but, although its compounds abound both in 
the enm of the earth and in the waters of the sea, it is not easy lo 
extract from them. Its strong affinity- for ox^ygea causes it to bum 
fiercely with an intense white light and accounts not only for iu 
uses in photographic hoshUght powders and as a deoxidizing agent 
in the refining of other metob and alloys, but also for its presence 
in the incendiary bombs of warfare. Incendiary bomb casings are 
alloys of magnesium with 5 to 7 per cent of aluminium^ and the 
powdered metal h also a comtiiuenl of the filling of some types- 
Th^ same affinity for oxygen leads to the employment of the metal 
in liie form of ribbon or wire to remove the last traces of gases from 
radio Selves. 

It is made on a commercial scale by the dectrolyiic reduction of 
fused magnesium chloride, obtained from sea-water, natural brines 
or bitterns, and also by the thermal reduction of its oxide, magnerii, 
by means of fcrro-silicon, coke or calcium carbide. The minerals 
u^ os a starting-point include magnesite, the carbonate, 
with ^ 8^9 per cent magtiesli^^ dolomite, magnesium-calcium 
carbonate, MgCO|,CaOOg, with 13 cent of magneszum, and 
brucjie, magnesium hydrate* Mg(OH),, with 41-6 per cent of the 
me^. TTic carbonates magnesite and dolomite ore sources of 
basic refractory materials and are further described under Rje- 
FRACToatas, The silicate olh^'tne ^{MgFe)O.SiO*, its decomposition 
product serpentine^ and the hydrated sLUcate talc, also have refrac¬ 
tory and other industrial applicadoru and are considered separately- 
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The pure metal is of little use in trigtriwririgf but iti eoiatnertial 
ailuys^ v:tlb a gcttcral specific gravity of 1 arc the Ughtcat 
rural materials available, being about one quarter the weight of 
iron and two-thirds that of aluminium alloys. They arc indispens¬ 
able for aircraft frames, landing wheels, propeUor blades, and aero- 
(rngine castings. They are aJ^ employed in gear-boK castings as 
well as For tractor wheels^ bodywork and odier parts of motor 
vehicles of all descriptions. Their light weight, strength and excel- 
lent machining properdcs arc noteworthy^ whilst the strength^to 
weighi ratio of their castings is the highest for all cast n^tcrials, 
making them of great present and potential importance in many 
branches of engineerifig+ For the construcUon of portable tools^ 
machine parts and textile machinery and for all kinds of appliances 
that have to be movectj either manually or mechanicailyj they 
possess definite advantages. The high electro-chemic^ cquivaJpit 
of magnesium has led to ia growing use in the anodic protection 
of underground oil pipelines, and the buried foundations of cast 
iron and sicel structures, for by this means corrosion which cannot 
be prevented is largely brought under control. Coiaidcrafalc 
quantities of pure magnesium are consumed in ^loya of aiuminiim, 
for from a per cent to 10 per cent of the metal in their composition 
renders them completely resistant to corrosion by sea-water. 

Aluminiuixt, ^ine and manganese arc the metals most widely 
used in the past for alloymg with magncaium itseH the two formtar 
for imparting hardness and other improved physical properties, 
nnd the latter as a corrosion-resUting agent. The chief alloys are 
of the quaternary type and contain 3 per cent to^ 10 per cent of 
aluminium besides zinc and manganese, hut many diffenait vanetiw 
are made, each designed for its o\m special purpose. The wrought 
forms arc available as rolled sheets, plates and strips; extruded 
bars, sections and tubes, pmsed or impacted forgings; piled bars 
and sections: other types arc made for use m sandt gravity-die and 

E rcssure-dic castings^ Only one of many examples can be quoted 
ere, the alloy known as * Elckcron A8 * which contains about 6 
per cent of aluminium, 0*5 per cent of zinc and 0^3 per cent of 
manganese, and which p sSfteT solution heat-treatmen^ develops 
remarkable resilience and high shock-resistance, so that it is almt^ 
exclusively used in the construction of the landing w^heels of air- 
craft* 

More recently zirconium and the rare earth met^ have been 
developed as magnesium alloying agents by Magnesium Elektron 
Ltd, to whom we are- indebt^ for particulars. These new alloys 
are remarkable for their extremely fine grain and improved pro¬ 
perties ; the ternary casting alloys with about o* 7 per cent zirconium 
and - 5 to 6- 5 per cent zinc, poking proof stresses nearly doubk 
those of the magnesium-aluminium-zinc series, while the related 
wrought tyP^^ zirconium, exhibit substantial improvements 

over those of the older group. These alloys have actually been 
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bS S1«I ingot mould, and rolled down into 

«7k ^ ui exactly theume vray and at the same spe^ 

replaced. The quaicmary alloys contain mag- 
n ?‘5 ^ 4 per cent of the^e 

f introduction of the latter having been 

S^Xornm^^ pr«stiTe-ligh(, in most complU 

rf kl™ wi^t^ high pressures, and have proved capable 

of heavy duty on full loads at elevated lemperatuim 

oxSiSr?f‘Se''^>To"fcombinea Sy not'otdj with the 
fo^ts '*? tJie idtTogen to 

SZ TfV « « ewential to^tect 

N, iii, „d«, c«Z “IStS" 

"hich increased from about 

in '&13.whenintheUmt^ sL£!Sf \m to 36^5,000 tons 

either making, or prepariS to 

tons were produced. Mo5nlin7sSc£^^S^« 

ments for war materials soon dccreasuig require- 

of reduction works were closM s^pp^m a tiurabcf 

w™co,«™d. ?«■,«i*' “ *« SBW 

ijith only ^.ooo tom of the totSwSJ^tJrtQi'^^ req^^ts 
The end of the war found the world^^ I? .i^pacity m iw. 
opacity far be^-ond its existing peace-S^'lj^*' “ Production 
li^cy of stiWand tecondary mS wS h^' 
afeorbed by 1950. In tl^iSr ^ 

primary producer was m part-time ^ 

wth an output of some io,Soo tom An^a. 

ducpon for 1950 has been provisioaSuyS^; ^ 

tom, occluding the Soviet Union Sd 

an increase of nearly so oer cent ^ represents 

“tout the grsS7r£,SI^* *'" *i>>- 1949- To what 

affect the nations will 

to India, delJiiS w’X^MuSjf?^’^ c^olum production 
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of the Non-Ferrous MeuI Industrie PiiiieL in r^7p to defer the 
matter for the time beings uphekl. 

Besides its uses as a re&^tury xnatermlp dolomite serves many 
other purpo^; some varieties are used in iron smelting as fluxes^ 
others m binL^g stones, statuaiy marbles and lithographic stones. 
The minenJ is suitable as a source of carbon dioxide and of basic 
magnesium carbonatei i^hich blended with asbestos is t?mployed 
as a hcat-insulating covering for boilers and hot-pi^ Ja^ngs. 

Magnesite and dolomite arc the starting materials ^ the pre¬ 
paration of many magnestum saltSp^ which arc **ft<LFp tia| chemicals 
in many mdustries mcLuding ecramieSp glass manufacture^ P^P^ 
makings sugar refining, as well as in hre-rcaLsting paints, water 
treatment agents, the glue and rubber trades and pharmacy* The 
chloride of magnesium is of special importance in fndta, where It 
ts widely employed in the sking of cotton yams before they are 
woven into cloth, partiouLarly in the hot and dry textile centres 
where iu hygroscopic character promotes softnw and pliability in 
the mill yams. This country has for many years produced its own 
supplies of this compound and its manufacture is described scpaxaic- 
ly in Chapter XIV, The application of the chioride in the pro 
paration of oxychloTidc cements 11 also described elsewhere, but It 
may be added here that jointless comppsidon floorings of these 
matcriab are extensively employed in India for railway carriages 
and vans. Magnesium chloddc has ocher uses, including the part 
it in rchigemting media, wood trcatmeni compounds, fire 
extinguishers and dust-laying preparations. 

Epsom Salt, the sulphate of magnesium, is also of some import¬ 
ance in India, in the filching of cotton fabrics, the dyeing of texdles 
and in the paper and leather trades, as well as in medicine. At 
one time upwards of 600 tons per annum were regularly imported, 
mainly from Germany, but it is now recovered from bitterns and 
made from magncaite. The present production Is about 3,500 to 
4,000 tom per annum. 

I>r M. S. Krishnan, in a recent paper, has summarised the 
magnesiuEn resource of the State of Madias in which the largest 
dcposlii of the carbonate, magncsitcp occur* 

BERYLLIUM 

Beryl, a a Uicate of beryllium and aluminimn^ 3BeO,Al|Oj.6SiOt, 
is the only commercial source of the metal beryllium known today* 
Its precious variedm* the emerald and ihe aquamarine, art des¬ 
cribe under Gebo. Theoretically the mineral contains 14 per 
cent of beryllinm oxide, or beryUiat and only 5 per cent of the mefcal, 
while in actual practice the amount extracted is considerably less 
than this. With a specLHe gravity of i - B4 the metal is but slightly 
heavier than magnesium (1*74) and considerably lighter than 
aluminium (a - 7), but tl pouosscs a much highs' mddng point than, 
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cither of these metals—leSo^ compared with 651* and 660“ C-l 

morcCA^ctj it is harder and has a higher corrosion-resistance than 
cither of thetn^ 

Bcrylliuni is described as a brittle, steel-grey metai and hitherto 
its chief use has been in alloy's with copper to which it imparts great 
strength after suitable hcat-treatiDcnt. A copper alloy with ^-25 
per cent of bcryilium possesses sue times the tensile strength of copper 
alone and has in addition a high faiiguc*rcsistance. Sneh alloys 
arc marketed as wires, rods and strips and arc fabricated into springs 
of many kinds^ gears, cams and bearing bushes, membrane discs 
of delicate inatruments, watch and camera parts^ valve guides 
vibrating mechanisms and all manner of mechanical devices in 
which resilience, coupled with resistance to hard wear and fatigue 
are essential. These alloys are also non-sparking and arc used for 
loob, switch gear and other purpo^ in situations where fire hazaitls 
exist. Bczyllium^in amounts grearty increasca the tensile 

stien^h of mckel and n can also be alloyed with other metals, 
metuamg alnmmium, magnesium, irorii silver and platinum. 

It IS also employed Ln windows of X-iay tubes, and in conjunc- 
tion With a com^und of radiuitt is a conventt^t wurcc of neutrons 
for c^rimenial work in nuclear physics. The de^-clopmon of 
aiom^ ene^ progranunes in various countries has greatly in¬ 
creased the deoiand for beryllium, and it is of considerable potential 
impc^ce as a moderator and sheathing metal for the uranium 

, The metal is made on a couwiercia] 

electrolysis of chloride melts, or by the reduction 
01 the Huoride with magnesium. 

Some of sidts of beryUium such as the oxtde, and the com¬ 
ped, auic hcry-lh^ Jilicate. are used as coatings of the tubes 
used m fluo^cent Utnt» s^ns and electric sig^. About 0-5 
jw cent of berylhum, added in the form of a soluble salt to the 
^OTi^-cenum solutions us^ for the impregnatioii of gas mantles. 

liable to suffer from acute res- 
SK-?d industrial health precautions are 

Gi^nd beryl has been employed in the United ^tatm «f 
Am^^ partial batch substitute for feldspar in the manufactnie 

»p^-king.piug 

this qu^ty, but also in therraal conductivity 
^penies u> alumina, especially at temperatures abow 1000* C 

wid.p or iuS“ 

nuca^bwing pegmautes of Bihar and Andhra, and 


B^aVLLlUM 


269 

mica mma pjound Gudur in NeUon?. Other localitia are kno^. 
both in India and in Pakistan, and more wLlJ be found as the granitic 
tracts of the Peninsula and the Himalayas come 10 be mapped in 
dctaiK 

K* L. Bhota described the Ajmer-Mcrwara occurrences in 
[934^ A. M. Heron contributed the Rajasthan deposits in 1938; 
H. Crookshank added his observations in 1948, while Dr M. 
S, Krishnan, the present Director of the Geological Survey of Indhi, 
had reviewed the whole pcKition m a special bulletin published in 
194? and reprinted in 1946- Although these Rajasthan pegmatites 
h^d provided maicrial for generations of Jaipur Lapidaries, their 
commercial e^loi cation did not r^Lly commence until 1930, and 
by i93!^» 281 com of beryl* valued at Rs5*sSj^ had been collected 
througb the pioneer ent^rise of Nusserwanji Contractor^ This 
increased to 324 tons and Rs 7*261, in ^93^1 and then decreased 
again, so that the average annual production for the five years 
1934-8 was but 67 tom, valued at Rs3,984. The indu^ry, by that 
time in a moribund condition* raised only 9 tons (Rsgoo) in 19^9* 
but war demands and better prices soon caused a revival—during 
[9402* a total of I7t coos was produced—^and by 1943 output was 
1*463 tom, valued at Rs45^5. In 1944 and 1945 a total of 606 
tons was won* and in 1946 exports were banned* all stocks of beryl 
in India were acquired by Atomic Eno^ Conunission, and 
the publication of statbtica relating to the mineral ceased. 

Beryl occurs sporadically as hca;a|;oiial or mimded crystals from 
half an iiich to many feet in length, in wide pegmatite veins, gen- 
erally where zoning is prominently developed and tar^ge quartz 
cores exist. Although most prevalent at the edges of these cores 
and in the feldspathtc zones adjoining them, the mineral is also 
found in unzoned pegmatites of the coarse, granitic t>pc- Shades 
of blue and green are Lis commonest colours* but it is a very de¬ 
ceptive mineral Liable to assume other tints and is frequently mb- 
takn for quartz, while a milky white variety is easily confused with 
feldspar and a black one with tourmaiine. Moat of the crystals 
are cloudy, but clear patches can sometimes be found suitable For 
the lapidary, though they are not in much demands Giant crystals 
up to M feet in length and 4 feet in width, weighing upwards of 
20 tons, have been seen and even larger ones reported to exist. 
Medium-sized crystals have been made use of locally as readymade 
gate-posts and built into the walls of castles, shrines and wclb^ Clean 
Rajasthan beryl generally contains over i a per cent beryllia (BcO), 

The mineral Is won from eluvial deposits on the outcrops of the 
pegmadlcs, as well as from large quarries within them, which have 
bttn responsible for about half the output in the, past, and as a 
by-product of mica mining to the extent of about 10 per cent. H. 
Crookshank believed that considerable quaniltia could be obtained 
from this source if the terms of tlie mining leases concerned %vefft 
made more encouraging. 


THE LIOflT METALS 


270 

Owing 10 ihc capndons distributioii of the mmenij, mtoing had 
nowhere been continued deep^ than the bases of exposed pockets; 
mcthcxls of working are primitive in the extreme and quarries were 
not opened tmicss many crystals each weighing l oo lb. or so could 
be seen. Small crystals, even if numerous, were considered worth* 
less unless of gem quality. Considerable quantities of eluvial ore 
are still recoverable from ground already picked over, while large 
areas of Mewar, in Bhowat, arc vir|^ ground as Car as quarrying 
is concerned. 

If beryl mining is to be firmly established in India not only will 
proper mining methoda have to be adopted, faui some ^tem of 
concentration will have to be evolved, by which low-grade ores 
can be successfully treated and the valuable mineral separated from 
its^ gangue* It may then well be found that those pegmautes Ln 
which the mineral 13 * well though thinly distributed ^ are more 
profit^le sources of supply than the erratie, though rich, ore shoots 
roughly tfticavated in the past. 

As the demand for beryl! ium in connexion with work on atomic 
energy project has grown, so it has become increasingly difficult 
to obt^ statistical mfommtion regarding beryl mining, as most 
^ow strict control over exports and no longer 

publish figures of production* Some authorities give the world's 
ou^ut m 1940 as about 5,000 tom of beryU but by 1044 it appears 
to have been nearer 3,000 tom, of which Brazil was rH^miblclbr 
some 40 per cent, ^d India for about 17 per cent; AustralLa wm 
third on the list with 14 per cent, followed by Argentina with ii 
per cent, the reraamder cotmng from various parts of Afi-ica In 
la^r ye^ «uppli« from ^n th America are known to have dedined 
while those from &uth Rhodcam and other States in South Africa 
hav^ mcTOsed. There was an output of 490 tom b the United 

^ eiimatcd worJd productioa of 
^500 tom. The Atomic Energy Conuaiaton for India offers 
rewards for new diacoverics of bcrYlliiua orea. 


LITHIUM 

Lepidolite, or lithia mica, a hydrated fluo-silicate of almninium. 
and hthiinn, wiA a lithia (Up) content ranging from 
fi to 6 per cem, ^ long been known as a constitneraof certain 
Jnd i^ anca-b^itig pe^titcs vein granites. F. R. Mai let, 

rllhS; distributed in such rocb in 

Haaaribagh, proved lU existence in considerable quantities 

casHtcrite in irregular, scalv masses 
The former 

the l2iff oHithia and 5 per cent of fluorine, 

„ n , cent of liihia, B-59 per ctnt of potash, 0*7 per 

ceni of rubidium oxide and doubtful traces ofeaesinTO, AbJuH 


LITHIUM 

mile south of Manimundar in ihfi aarae neighbourhdexi, the sides 
of a hillock arc stttrwn with blocks of the intnera], one of which was 
estimated to ^-cigh about S cwt- 

In 1934» H. Grookshank found boulders of lepidolitc near 
Mundaval^ m Bastar, Madhya Pradesh, derived from a pegmatite 
some 30 feet in width, in which the mineral is conimed to a zone 
of 15 feel in the centre. He estimated that this particular vein is 
capable of yielding several hundreds of tons of lepidolite containing 
3-3 cent of Li^a and 4-8 per cent of Suorine- 

Ver>' large^ deep Idac-coloured plates of lepidolite* up to 5 be 
inches across, ckcut in a pegmatite vein at Sakangyi, Katha district^ 
Burma, and it is probably to be found in some of the cassiicrite- 
bearing greisens of Tmasserirn in the same country. 

Other important minerals containing lithium are spodumene, 
a silicate ofllthium and aluminium, Ll02.AlsO3.4SiOsp with B^4 
per cent of lithia and amblygonite, a fluo-phosplute of aluminium 
and lithium, AlPO^.LiF, with 10^ i per cent of Uthla. La Touche 
found a few Ulac-colourrf blocks of' spodumene' in a valley close 
to the sapphire mines in Kashmir, but F, R, Mallet proved that 
some at least of the mineral was amblygonite. A green lithia- 
tourmaline and cookcitc, a rare v^icty of lepidolite, also occur 
there, but the isolaiion of the locality would probably pm'ent: the 
commercial extraction of the minerals, even sf systematic prospect¬ 
ing proved their presence in large quantities. Spodumene 
analysing 5-8 per cent LiO*, and associated with some lithium^ 
mica, has been record in the pegmatites of the Ooregum rmne 
in Mysore- All the minerals named are used as sources of lithium 
and its compounds, and it is also recovejed in the form of lithium 
sodium phosphate from the brines of Searles Lake in Cali fomla. 

Lithium, with a specific gravity of 0-543, ^ lightest of all 
the metnl^ weighing only 37 Ib* per cubic foot, as against loq Ib. 
for magnesium, 167 lb, for aluminiuni and 450 ib, for cast iron, 
but it is soft enough to be cut with a knife and rapidly deteriorates 
through oxidation on exposure to the air. It is produced c-om- 
merciaJly by the electrolysis of its chloride, in the presence of potas* 
slum chloride, and is preserved m airtight containers after being 
coated with a light hydrocarbon oiL 

It is an important degassing, deoxidizing and general purifying 
agent in metal refining, especisdly of copper and the bronzes. 
small quantities of li&ium impart hardnesSp toughness and tensile 
strength to other metals and allo^ and it is employed for this reason 
in extruded lead products, lead cable sheaths, copper electrodes 
and bearing metals. The of the ^man metalJur^sp 

is a lead base alloy with only 0*04 per cent of liibiunu Lepidolite is 
useful to the glass-mater for its fiuxi^, toughening and strengthen* 
ing properties' in larger quanlittcs it is an opadner for both o|^ 
and white glasses. It is also employed in the manufacture of special 
porcelains and in glazes and enaraebp Lithium chloride is a very 
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hygroscopic subsiance which finds appUcation in air-diying pUats; 
the chLoride and the fiuoride in fiuxca for the electrical welding of 
the light metals; the bydnudde in alkalitie aceumulaton; the 
hydride in the preparation of hydrogen; while other compounds 
have minor uses in pyroiechny,. photography, mineral wateta and 
pharmacy. The hy^ide has recently bixn su^ested as a 
component of the hydrogen bomb. 

Most of the lithium minerals are produced and consumed in 
the United States of America, the domestic prxxluction there rinng 
from 113 tons in 1940 to 848 tons in 1944, expressed in terms of 
Uthia content. Other producuig countries include ^uth-West 
Africa, Braiil, Argentina, Atatralia, Sweden and Germany, In 
1948, exports of Icpidolite from South-West Africa reached a.aW 
tejns compared vdth 3,535 >0“ >n t947. 


CHAPTER VII 

THE ATOMIC METALS AND THEIR ASSOCIATES 

URANIUM 

Tra obscrvationi on miiiiiuin orci giv-en LxJow are based on 
iiUbrmauoji published officially before the second world w*ar. In 
the couise of which the development of atomio power from them 
was inaugurated. It is not permiMible to discuss later develop¬ 
ments but attention can he directed to the statement in l^rliaincnt^ 
by the Minister for Natural Resources and Scientific Rocarch^ on 
24 March 1951, that * two uramum-bearing belts have recently 
been discovered in Eastern and Central India' and that a detailed 
examination of these areas was then tn progres. 

The earliest reference to a uranium mineral in India appt^cd 
in a German publication in 1B60, in which Emil Stochr rccoidcd 
the occurrence of copper uraniEc (GufUOj)^. SHjO), an 

old name for torbernite, a hydrated phosphate of uranium and 
copper, also known in In dian literature as * uranium mica % at 
Lopso HiU in Singhhhum. Many years later it was found again 
with uranium ochres as enemsiauons on magnedte-apatite rocks 
at Sungrij in DbaJbhum, associated with Ubethcnite, a hydrated 
phosphate of copper. 

Pitchhlcndc or uraninitCt the substance which started the 
development of atomic energy^ a complex mineral with 69 to 91 
per cent of uranium oxide^ UjOt, and the chief source of the metal, 
was first rccpgiured in India by Sir Thomas Holland in igoi. It 
came from a mica mine, two miles south-east of Singar, in the Gaya 
district of Bihar, a locality examined by R. G. Buxton in 1913, He 
found pitchblende in a wide pegmadte vein, mined for many years 
for mica, intnjsiipx: in mica schists, at Abraki Pahar. The mineral 
occurs as rounded nddules of all sizes up to a ma^cimnat of lb, in 
weight, distrihuted in basic segregations in the pegmante^ Tn- 
plite, a phosphate and fiuoride of iron and manganese, generally 
assoeiatra with large masses of ihnenite, usu^ly forms the outer 
ring of these basic patches^ though occasionally the pitchblende 
lies in the centre of feldspathic masses. White and yellow micas, 
tourmaline, zircon and torhemite abo occur. The pitchblende is 
normally suiromided by a rim of uranium ochre. About 6 cwt 
of the mineral were recovered from this place during prospecting 
operations between 1915 and 19x5. 

Another locality lies five rrules to the north-north-west, near 
Picfahli. Here^ according to G. H. Tipper, the mode of occurrence 
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is much the same and small nodules of pUchblendei two inches of 
so in diameter^ deeply altered into uranium ochres^ arc founds 
while bright gn™ lorbcndte and Icmon-yeibw autunitc aiso occur. 
The latter mineral has a similar chemicai constitution to torbfxniie 
but with its copper replaced by calcium^ Other accessory mincrab 
indude columbitc^ monaaiEe, black tourmaline and pink garnet* 
Pitchblende was found again about 1935 in a pcgmatile 
quarried for bci^l at Bi^di, Ajmer^Merwara, Nodules of the 
massive black mineral;, wdth its typical pitch-like lustre, occur there 
in a kaolinized, iantinated variety of aibitc feldspar known as devc- 
landitc. They arc invariably surrounded by brighdy coloured 
alteration products, the black or brownish kernel being followed 
by layers of scarlet or bright orange-red colours^ passbg outwards 
into gamboge and presumably composed of gummite, hydrated 
oaidca of uranium and other bases of uncertain compositiorL The 
outcnnost crusts are formed of lemon-yellow, cry^stalline autumic^ 
A number of other mineralSj niobates, tantaJatCf and tiLanates 
of the rare earth elements frequently contain uranium and are 
Mi me t une s referred to as its refraciory ores. Indian examples 
indiidc samarskite, fergusonitc* euxenite and others, mote fully 
described under Tahtalum and Niobium. 

Accor^i^ to Dr C* F. Davidson, Chief Geologist of the Atomic 
Division, Geological Survey of Great Britain^ w'dl over a 
thousand localitits arc on record at which uraniutn-bcaring pce- 
been discovered, but not nne has yet been found 
capable of yicld^ a significant tonnage of uranium minerab at 
an economic price, although many attempts have made to 
wwk them in Tanganyjka, Madagascar, Norway, the United State 
of Amcnca, Manchuria and clsewhciei Only where economics 
do not matter, or where production is possible as a by-product, is 
a small output of uranium ora likely to be practicable &om such a 
source. 


India’s occurrences of pitchblende and other uranium-bearing 
minerals arc of p^matitic origin and unless mining costs arc shared 
fay some other product, such as mica or beryl, from the vein, 
out^t from the pegmautes can only be small and fortuitous. 

There ti, howc^erj another potential source of uranium in India, 
for commercial monazite concentrates commonly contain o*^ to 
0-4 ^ cent of 0 , 0 *. Dr D. N Wadm. Geological Adviser to 
the GoverrunMt of India, m a publication dated 1040, mentions 
a content of about 0 3 pw cent 0,0, adding. ‘ since considerable 
reserves of monazitc sands exist tin association with the ilmcnite 
s^ds of the w«i and cast coasts), extraction of a notable quantity 
of ii^um will be possible when the monarite sands are uulized 
tOT ihe mmiutacture of ihorium metal \ 

Ui^um, Ac heaviest e^enl occurring naturally, Is described 
B a ,dv*Y white, mdle^lc metal which bums easily in the air 
and IS made by the reduction of its tetrafluoride with calcium in an 
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men atmosphere. It is said to have four different atomic weights, 
namely 333, 334, ^35 and 238, of which the last is by tu- the most 
abundant variety; urarduni 235 which occurs with it being present 
in the ratio of o^y one part in. one hundred and fony. These two 
varieties are isotopes and cannot be separated by chemical means; 
they can, however, be divided by ph^Lcal processes. 

Uranium is radioactive; its atomic nuclei ujider^ spontaneous 
and ceaseless disrupticiii, emitting alpha^ beta and gamma rays 
in the pfnxess> and giving birth by transmutation to a whole series 
of other elements including belium, radium, actimum and lead. 
The alpha rays are charged hehum panici«; beta rays consist of 
electrons^ while gamma rays are described as very short electro¬ 
magnetic rays of the same nattire as X-rays but of more penetrating 
effect. 

Until the discovery, in i&gS^ that pitchblende contained radium 
there was little demand for the uianium ores, a state of affairs that 
continued for some years aftcrwTirds, hut as the demand increased, 
and in spite of the fact that there is ohIy about one part of radium 
present in these ores for every three nation parts of uranium, its 
unique properties made its extraction profitable and led to the 
exploitation of ore deposits in Ck>lorado and Utah, United States 
of America, in the Bdgian Congo and in Arctic Canada. Pro¬ 
fessor W. R- Jones has estimated that about 1932 the total weight 
of radium that had been extracted Ibom uranium ores was less Lban 
one pound in weight, and that even by the end of 1942 all the 
world^s supply would weigh little more than about 1,000 grams 
{2^2 Ib.]- He adds that about @5 per cent of rhia was employed 
for medicinal purposes, especially in the treatment of malignant 
diseases, and about to per Cent in the preparation of luminous 
paints, generally consisting of zinc sulphide with minute amounts 
of radium, used for gun sights, aircraft instruments and so forth. 
Uranium and its salts in those day$ were by-products of the radium 
refineries and were not always saleable. The campounds found 
outlets to some extent in the manufacture of fluorescent glass, of an 
opalescent yellow iransparency but turning green by reflected 
light, in ceramic glazes,photographic and analydcai chemicals 
and as mordants in calico printing and dyeingp The metal had 
been tried in various alloys, as a deoxidizer of steel and as a catalyst 
in the fixation of nitrogen, but apparently without much success. 

It was not iintJi 1939, when the nucleus of the uranium atom 
was first split by bomSar^ent with neutrons, with the freeing of 
more neutrons capable of developing further fissions, that the pos¬ 
sibility of the chain reaction, * the key to the release of atomic 
power on a large scale \ was realized. " The energy released from 
the fission of a pound of fissionahle material is about that resulting 
from the explosion of eight thousand tom of T.N.T.*, writes Professor 
Morrison, ^and it momentarily creates enormous pressures and 
temperatures of millions of degrees Centigrade.^ (T,NX.* or 
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trixulrotolucnc, is a high explosive adopted extensively for military 
piuposa^ pardciilarly as a bui^tiiig charge in shells, bombs and 
mines.) Sir John Codteroft, Director of the Atomic Energy Re- 
5c^irch Establishment in Great Britain^ has stated that ' the com¬ 
plete dcstmciion [by fisaiioii] of one ton of uranimn releases as much 
energy as the burning of three million tons of coal \ 

Thus uranium from being little more than a chcniical cimoaity 
has t^comc the most eventful metal tn the world and statistics of 
the production of iu ares arc now jealously guarded secrets in the 
countries concerned- It is required for the separation of its isotope, 
uranium U35 j. and for the preparation of plutonium, another power- 
All atomic fuel, and used^ like uranium 335, in atom bombs. 

Atomic energy is liberated under controlled conditions in nuclear 
reactois, or piles, in which chain reactions are allowed to develop 
in natural uranium, embedded in moderators such as graphite 
which have the power of slowing down neutrons^ These piles are 
used for research purposes and to investigate the effects of intense 
radiation on the properties of materials. In less than a decade 
uranium has biscii responsible for the creation of vast new industries 
involving enormous expenditure and employing many thousands 
of wm'kcn. For accounts of the processes employed the reader is 
referred to the qSicial account in flriteiVj published 

^954 dcalu^ with the design, construction and oiganization 
of the headquarters at Risley in I^tncashire, and the three large 
operatmg units which produce uranium from its ores at Spring- 
helds in Lancashire, plutonium at Windscale in Cumberland and 
uranium ^35 at Capenhurst in Cheshire. A companion publica* 
tion is entitled Harwili: ihi Brilish £ji£r^ Risfitreh Establish-^ 

mmf (1952). 

Though moat of the work done in the atomic factories of the 
world CO date has been to direct this new source of power into 
weapons of destruction, to quote the words of the British Miniatcr 
of Supply in Decembea-, 1953: ' At the same time impressive pro¬ 
gress has been made in applying the forces of nuclear fission to 
peaceful and constructive uses^ thus oper^g up to this and future 
gmerations an ever-expanding prospect material bettermetit/ 

The most striking development in this dhwdon is the propoacd 
construction of large ' fast reactors which use no modmtois^ 
isn be used as sources of powcfr and in which at the same time* 
there are prospects that more secondary fuel in the form of pluto- 
mum can be bred than the amount of printary fuch uranimn 235^ 
consumed in the process. The first experimental^ pow'cr-produc- 
ing, fast-breeder reactor of this type has been operating in the 
United States of America since early 1953- In the same country 
a large submarine to be driven by atomic power has already been 
launched. In January 1953, an cxtcsisivc programme was adopted 
in England to include die imm ediate building of a reactor to produce 
powtx and of a fiiil-scalc breeder reactor, tbiw: combined elective 
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being jel at 50 ^cm» kilowatts, la June ^ 954, the British Electrici^ 
Authorit)^ announced its belief that a significant contiibudon wiU 
become available to the nadon^s power supplies from nuclear 
energy atationa within the next ao years, and i^ hope soon to begin 
the construedDo of such stations as part of its normal acdvldes. 

Though the primary object of large nuclear reactors so far 
operating in the world has been the trammutadon of uraniuni into 
plutomumt mdjoactivc isotopes of many dements arc abo being 
made on a large ^:alc and there is now an extensive chemic^ 
indusoy engaged in the transmutadon of one element into another, 
Mendon muse also be made of the new synthetic transuraiuc ele¬ 
ments such as neptunium, americum and others formed by 
secondary reactions in atomic plica. Radioactive isotopes are 
mcnasingly used m Laduatiy, biochemistry and medicine. Among 
majiy other applications they can be used as * tracers ’ m a^imaK 
and plants, for the detection of air and g;as leaks, to measure the 
wear of bearings, for the examinadon of metal castings and for the 
dispersal of stadc electrical charges in tcxdle mills and other 
manufacturing processes. Cobalt 60, made in the atomic plle^ is 
an efficient aubsdtute for radium in conventional therapy^ but while 
radium still costs the equivalent of over Rs €6,000 per gram, cobalt 
60 of equivalent aedvky costs about Rs 260 for the same quantity 

At the official opening of the monazite proceuing ^tory 
of the Rare Earths Ltd* near Alwaye# in Travancore-Cochin, 
on 24 December 1952, by Pandit Jawaharlal Nehru, the Prime 
Minister stated that the plan drawn up by the Atomic Energy 
Commission for the development of atomic energy in India 
been approved by the Government of India. This plan provides 
for the construction of a medium^bed rector in India within the 
next three years. 

Ores of uranium and other radioactive minerals in India are 
under the control of the Atomic Energy Commission and rewards 
are offered for the discovery of new deposits, with grants-in-aid for 
mining developments. 

THORIUM 

Monazite, the principal ore of thorium, is a monoclinic phos¬ 
phate of cerium and other rare earth metais„ including lanthanum, 
praseodymium, neodymium and samarium, Ce(La, Pr, Nd, Sm) 
PO4, with small amounts of the rare earth elements of the terbium 
and yttrium groups, in addition to thorium and, occasionally, 
uranium. It also contains minute quandtlcs of radium and meso- 
thorium. The thotia content may vary from nothing to as high 
as 33 per cent, and that of urania from nil to 4-5 per cent. Tra- 
vancore monazite varies io thoria content from about 8 to to-5 
per ccnti Ccyloi^iatcrial averages about lo per cent. 

In Its originlKtuadons monazite is found in pegmatites, as in 
the prismatic crystals^ associated with pitchblende and cotumblte, 
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Clear Picihli, Gaya district, Bihar; in similar rocks in the vicinity 
of Bangalore^ Mysore; or, again, in small grains in pegmatitea 
iravcraing the gDeisses of south Travancore, and in parts of Ceylon, 
where it is also a constituent of biotilc and hornblende granites and 
of gneisses, A new meinbcr of the monazite group was described 
in 1953 as ^ cheralite * (fram CAer^ the ancient name oFTravancorc). 
It is a dark green mincraJ found sparingly in brittle masses with 
black tourmsdine, spnaU greenish yellow chrysobcryk, partly meta- 
mict dark zircon and much smoky quartz, in a kaoliniz^ pegmatite 
at Kuttakushif Kalkulam taluks about ^5 mites east^south-easi of 
Trivandrum, Similar material was collected from Coorykad 
Pothay in the adjoining Vitavanced taluk by E. Masillaxnaiil about 
1914^ Almost all monaxitc contains some thorium and a little 
uranium replacing the cerium-lanthanum earths in the crystal 
lattice of the mineraJ, but in cheralite, with ag '45 per cent of thoria 
and 6-56 of uraniap this substitution has be!^ carried Ikr bey^ond 
normal quanlitics. We wish to thank Nlmsrs Bowie and Home 
of the GeolDgical Survey of Great Britain for giving us this informa¬ 
tion preparatory to its publicatiorL, Cheralite docs not occur la 
sufficient quantiues to be of any economic importance^ Dr N, 
Wadia, in 1^52, gave the provisional name * travancorilc * to a 
mineral rich in thorium and uranium called green monazito from 
Travancore^ 

Monazite deposits of commercial importance are generally 
conned to the sands of sea beaches; the mineral has a high enough 
spe^e gravity, sufficient hardness and chemical stability^ to permit 
of its transport there after Its Liberation iTom its parent rocks by 
weathering agencies^ accompanied by its constant associaces ilmts* 
njlc* mzomte and magnetite, ^met, zircon and rutile. Its com¬ 
bination of suitable properties is also responsible for its concentra¬ 
tion, with its companion minerals, in favourable locations on the 
beaches where wave action can bring its sluicing effects into play, 
and the bulk of the lighter minerals is removed by tidal currents. 

In such natural, coastal concentrates the monazite crisis as 
small, roundedt translucent grains of an amber-yellow colour, 
averaging 0"i to o^znmi. in diamcteri, Twmrty-five years ago, 
Sir Edwin Pascoc gave the average percentage of monazite in the 
Travancore beach sands as about 10 per cent, yet totlay^ it is stated 

Dr C. F. Davidson, Chief Gcolo^t to the Atomic Energy Divi¬ 
sion, Geological Survey of Great Britain, that * probably no beach 
deposit workable on a large scale:, can yield ore with more than 
about three per cent Old sand dunes near the coast sometime 
carry monazite and such wind-borne deposits are occasionrily 
cemented into compact masses by inEltrated carbonate of lime. 
In older strata still, such as the Warkalli Beds, there arc, according 
to G, Tipper, dark brown, ferruginous gn^jcomposed of the 
same mlncrab as those of the eristing beachdPitith monazite in 
SODIE quantity. 
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The rnoTiiizite sanda lyiiig between Cape Ckiniorbi and Quilon 
wcie diKQvercd In 1909 by C. W, Schoniberg;^ ajid eventually five 
major deposiw were located at Liparam, Pudur* Kovilacn, Var* 
kala (Warkalli) and Nmdikart, respectively. Fuller d(^Lptioaa 
of them will be found under TrYANiUM. Their exploitation com¬ 
menced in 1911 and from that date tmtil the end of i944» 
tons had been produced^ Their aiie values are not given* owing to 
their great variations, which in any case probably bore little relation 
to the value of the mineral in the world'^a markeu at the time. The 
record year was in 1938 with its output of tons, valued at 

R5 a^jg^yoo, and after 1944* ordiniiry trade exports and the publioa^ 
tioTi of Statistics relating to them have ceased for strategic reasons. 
Dr D. N. Wadla stated* however* in 1949 that output had risen 
progressively to 5,000 tons per annum* while Dr W. D. West, 
Director of the G«logjcaI Survey of India at that time* had^ in 
1945* given the reserves of the Travancorc beaches alone at over 
two million tons. The firms engaged in mdnazkc winning are 
Travanconc Minerab Ltd* Hopkins and Williams (Travancorc) 
Ltd* F. X. Pereira & Sons Ltd* and The Associated Minerals Co» 
Ltd, acting as agents of the State which took over the control of 
the deposits in 1946. A factory capable of processing t,5O0 tons 
of monazitc per annutn has be» built at a coat of about Rs So 
liLkhji at Alwaye^by Indian Rare Earths Ltd, a company financed 
jointly by the Govcmmcnt of India and the C^vmunent of 
TravanoorC'Cochin. 

Before 191L die worldb supplies of monaiitc were almost 
entirely derived from Brazil, but India obtaiDcd the lew! in 19^4 
and protwbly kept it until the decline tn the demand supervened 
as a result of the spread of electricity Tor lighting purposes, and 
reduced output to a fraction of its former For the years 

19T r to [915 inclusive, Indian production was fairly steady at about 
i,oOO tons per annum. It then rose rapidly and passed a peat of 
a, I iS tons* valued at Rs 8*82*285, in 1918- A severe fall took place 
in 1922^ and the average annual production over the decade ending 
1931 only amounted to 17a * 5 tons^ The export of the pnd was 
suspended in 1929 and 1930, but in 1932 production had increased 
to 654*3 *934* decade from 1934 

to 1943 witnewed the greatest activity In the monaiitc in-dus^* 
the average annual production over the ten years concerned being 
3,ogo tons. In 1938, the world’s production of monazlte was 5*926 
tons* of Vp^hich India supplied 88 per cent, the Netherlands East 
Indies 6-5 per cent anef Braail 5-5 per cent. Of I9p204 tons of 
monazlte imported into the Uniced States of America over the 4 
years 1939 to J943 j three-quarters came from India and one quarter 
from Brazil. 

With the of electric lighting thorium lost much of its 

earlier industrial importance* for its nitrate* made from monazlte* 
was used in the manufacture of mcandcsccnt gas mandcs as It 
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yfcJdi the oxlde^ thcrla.^ on heating. At the same time thU outlet 
has not entirely ce33ed for such mantles are still utilised on a Urge 
scale in petrol and parafBn-burnii^ lamps, particularly In liuha 
and China, Thoria^ a heavy white powder, is one of the most 
refractory substances known, with ita melting point of 3050°C., and 
is employed in the manufacture of specif refractories, such as 
crucibles for the laboratory melting of vanadium and titanium. 
It b also added to tungsten, intended far use m lamp filaments, as 
it inhibits excessive crystal growth and so improves the meclmnicaZ 
properties of the wire at the incandescent temperatures to which 
it IS subjected. Thoria, in the proportion of five parts per hundred 
parts of cobaJi, is used as an activator tn the mix^ cae^ysts for the 
Fiicher*Tropsch synthesis of hydrocarbons, 1 1 is also an important 
constituent of optical glasses for special photographic lenses, as 
described under Ceaium. Anoth^ appUcation of thorium is in 
election •emissive elements and. it is used too as an anode coating 
in special types of radio bulbs. 

In recent yeai^ the meral has assumed a new role for it is a 
radioaedve clement and a potential source of araiiuc energy. Just 
as uxartium in the course of its atonuc disintegration produces a 
new senes of ^ughier demetitSj so thorium gives rise to a dosety 
parallel one: in the same way as natural uranium (U 338) can by 
^piurc of a neutron be changed Into plutomumj^so thorium with 
Its atomic weight ago cm be transmuted in a nuclear reactor into 
uranium 233, an isotope which 11 said to possess properties similar 
to tho^ of im^um 235 and plutonium. It has been described by 
Sir John CockOTfi as an alternative secondary nuclear fuch Jmd 
one of me problenu fatdng the metallurgist today is the preparation 
of thorium metal in a form suitable Jbr use in reactors^ 

described as a very ductile, soft, Iead-l»k*e metal, caa 
oht^ed by the reductioD of its oxide with calcium and calciuni 
chloride m an inert atmosphere. The powder so obtaioed is com- 
I^tcd, sintered and prticessed generally in a similar manner to 
that adopts m the case of tungsien. It is available on the market 
in ingot and sheet form con taming about gS per cent rhnri..^ The 
commercial salts of th<OT um mclude the oxide, ThO,, in which the 
ran? earth meUls and iron are absent; the hydoxlde 
about to per cent pure; the sulphate. Tb(SO,)^oH-0 and two 
forms of the mtrate, Th{NOa)*,i2 H ,0 and TbrNOJ ..aH.O The 

lattrt grade contains about 6 per cent of the sulphate is the 
variety used in the manufacture of gas mantles. 

The ^ioactive substance mesothorium is a natural disintegra¬ 
tion product of thorium and is recovered as a by-product in the 
course of thorium mtrate manufacture. One too of monazite 
eontaim^ 5 per cent of thoria is said to yield about 5 tnilliffranu 
of n^thon^ It has a half-life of but 5* years and was 1^ as 
a su^ntute for nidi™ m the tieatmcnt of malignant diseases and 
m me preparatioa of liuzunoua materials. 
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Other thorium-bearing minerals mclude the oxide thorianite^ 
ThOj, and thesilicatCt thorite {ThOj,SiO|). Thorbmitc is an end 
racmcCT of an isomorphous series of mixed cubic mincralst tbc other 
end member of which b an oxide of uranium, A black cubic 
mineral from Thadagay HiU, Travancore, with the high specific 
gravity of 10*3* which contains 3^*3 per cent thoria and 39-6 per 
cent uranium oxide^ may be uranothorite, n member of this serica. 
Both thoriamte and thorite are known from Ccyioti aud there can 
be little doubt that sooner or later they will also he found in southern 
India. 

lu prospecting for radioactive mlurtaLs with the Geiger counter^ 
it shoidd be remembered that the Lusmimmt does not distingifish 
between radiation due to uranium and that due to thorium minerals^ 
though the gamma emission of the thorium scries is less iutense than 
that due to the uranium series. 

Inquiries from Dr Davidson of the Atomic Energy Divisiou^p 
Geological Survey of Great Britain, in February 19511 to whom 
we wish to express our indebtedness, confirmed the fact that the 
demand for thorium in British atonue energy developments is still 
limited to experimental quantities. The United States Atomic 
Energy Commission is mterested almost wholly in uranium. It is 
a reasonable assumption that the capital invested in uranium plant 
is now so enormous that a change-over to thorium is highly un¬ 
likely, so long as adequate supplies of uranium arc available^ and 
there IS no foroeeable prospect of a shortage of this clement as new 
sources of supply are OOntinually being developed. In thU con* 
Dcxion it is as well to remember that urajiixim is not a particularly 
uncomnion constlcuent of the earth's crusty being about oncrtwieilth 
as abundant as lead and tw'enty times as abundant as sUver^ Many 
probIciiLS remalni however, connected with its concentration and 
profitable recovery from very low-grade ores. 

Since 1951, however, more attention baa probably been directed 
to thoriim as know ledge of fast reactors (sec UftANiuH) has grown 
and their constmetion been undertaken. This depends on the 
proposals made by some authorities to use thorium as a blanket 
around the cores of such reactors and Its ovm transmutation into 
uranium 233 in the process^ The latter is described as an alpha* 
active, fissile isotope and as good a nuclear fuel as manium 335 or 
plutonium 339. It may w^ell be, therefore, that as more breeder 
and power reactors come to be built that the demand for thorium 
(and for monazite its parent mineral) wilt increase. It should be 
added that natural uranium can also be used as a blanket around 
the cores of plutonium or of uranium 235 mixed with uranium 
^38^ Looking farther ahead, we have to thank Dr R. Spence, 
Director of the Chemical laboratories of the British Atomic 
Encr^ Research Esiablishment at Harwell, for permission to quote 
his view that * the long-term future of atomic energy as at pccserit 
conceived depends on the successful transmutation on an industrial 
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of [i2itiiraJ thontun into the fisaioiuiblc uf^jiium 233 and of 
natui^ urajuiun into plutorUiim 


CERlUNf AND THE RARE EARTH METALS 

There are some 17 elements ^ouped under the icrm * rare 
earths ^ so called in the past on accoimt of the scareiiy of their 
natural compounds at that tune and the gencTEiI resemblance of 
their oxides to lime and magnesia. The rare earths are similar to 
one anothiT in many respecia, are always found together, are oaen 
ass^iated^ with uranium, and thorium and are only separately 
isolated with extreme difficulty, so much so that pracdcally not one 
of them hto yet been prepared in a state of high purity. It should 
be stated that in the latest classifications the three elements scanditim 
(originally found in the mineral euxcmtc), yttrium and lanthanum^ 
m no longer definitely grouped with the rare earth elements, 
tnougn ^cir pnopertica are very closely related and they occur in 
Mlure together. In this noic the older s>-siem 13 followed. Though 
found smringly in many mmcral species, monaaitc, the orthophos- 
pbate of the cmiim elements with thorium, is their only important 
ore. Its mstribudon and economics are considered under Tita- 
Nitw and Thorium, and it remains to describe briefly the applica* 
of the earths as find places in Indu^^ today* 
iney are divided arbitrarily into the three groups of the cerium, 
terbium and ytirmm earths between each ofwhich there me no 
smirp distinctions. Ceylon monazitc averages about 27 per cent 
o cena, 30 per cent of lanthana and the allied oxides, and 2 *r per 
terbia earths: there is no reason to suppose 
e ravancorc mineral dilfcrs greatly from this composition. 

« * cerium poop, the only one of practical importance at pfe* 
^idcs cerium itself Janthanum, pTascodymium, 
ymium, samarium. An analysis of a typical monaEite 
quoted by H. E. Kjcmers, shows thoria 6*5 per cent, ceria 
3[ *8, yttria etc. 0-33, terbia etc. o*8and tirania 
^ ^ lanthana carthi are dis- 

tntiutetl tn the follawing proportions: lanthaniun oxide (La-O-) 
15 b per c™i, neodymium oxide (Nd.O,) n -4 per cenL pras^V- 
mium OHde (IY,0„) 3-6 per cent and samarium oxide%m,OJ 
L f if'*’- t^inmcreial metallic cerium may comain the met^ 

45 to 50. lanihanum ao to 25, 
praseodymium 15 to ao, and samarium 5 to lO 
pw i^t. With small founts of imn. They are so closely related 
„ . ®*pJ'rauoti of iheir salts by repeated fractional cryst^liza' 

,1.’* for niost industrial uses a mixture 

"1 is cotisjdcred suitable. 

in Tvrrn^.^i*?* i** German name of Antehmet^, 

electrolysis of the rare earth chlorides with the 
emormes of calcium, magnesium and sodium as fluxes. The crude 
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product is rcmeUcd under moltcii fluxes^ with a.llDyiTig addidons^ 
and then cast into grooved steel moulds to form the rcxls which^ cut 
into suitable Icogths, Fonu the familiar but misnamed " flints * of 
rocchanical Lighters, the p^TOphoric alloys that emit sparks when 
struck with an abrasive substance. Most of them art ^oys of the 
rare earth metals with iron contents varying from 15 to 25 per cent* 
with small quantidcs of adne, magnesium, copper or aluminium. 
Cerium itself is a soft and ductile meta! and the addidou of iron is 
necessary to increase both hardness and brittleness in the finished 
product. Alloys of these types have been employed as Ups to 
tracer shells and bullets which, igniting as the projeettte is fired, 
enable its path through the air to be traced. FcTrO“«rium has 
been tried as u seavengmg agent for the remo^-ai of oxygen and 
other unwanted impuridcs from cast iron. Small amounts of 
cenum are constituents of certain aluminium and magnesium 
alloys, and the metal is also used in the evacuadon of radio bulbs. 
The applicadons mendoned are said to account for about one 
quarter of the monazitc derivatives. 

About half the total production of ceriiun salts, hqweverj is said 
to be consumed in the cores of arc carbons, as they increase the 
luminosity of searchlightSi cinema projectors, therapeutic lamps, 
etc.j and at the same time act as stabllkers and smoom out fluctua^ 
dons in lighting intensity. 

Wc have to thank Messrs Thorium Ltd for much of the follow* 
ing information on the chemical compounds manufactured firom 
monazite. They arc marketed either as " pure' salts of cerium, 
lanthanumi samarium and thorium, in which contamination by 
the other dements is kept below certain definite limits^ in the case 
of cerium i^df not more than o* 1 per cent of the other earths of 
the groupi and in some cases not more than 0^05; or as ‘ technical * 
rare earth compounds which contain varying proportions of the 
other dcmenis as well as cerium, " dldytaium \ neodymium and 
yttrium, as the case may be. The applicadons of cerium salts 
include their uses in volumetric chemical analysis as oxldiring 
agents; in the prq>aration ofergarue compounds such as aldehydes 
and quinoncs; aa w’aterproofing and fungicidal agents for texdics 
and leather; as catalyst, for ntample in the manidacture of acetone 
horn acetylene; as commencing materials in the manufaettut: of 
reslnatcs, naphthenates, etc., for paint driers; as consdtuents of 
magnesium flashlight powders, and in medicine for the prevendon 
of sickness. The glass^makcr uses cerium salts both as decolorizing 
agents and in the production of yellow glasses^ as well as opacifiers 
for vitreous enamels. Finally, apart from their use in arc-Ump 
carbons already referred to, the average gas irpntle'contains about 
I per cent of ceric oxide. 

A number of pure lanthanum salts made from monazite are 
marketed, includicig the acetate; the double lanthanum ammonium 
nitrate, with not more than 0 ■ 0^ per cent of cerium, and in which 
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neodynuom and praseodymium are pracdoally absent * the chloride^ 
suitable for the electrolytic preparation of the pure tnetaJj and the 
oxidcj a constitticnt of special opdoJ glasses. Samarium oxidej 
containing about 99*0 cent of SnijO,^ ta yet another derivative 
of monaztie which finds its uses in fluorescent tube lighting. 

Commercial didymium compounds include the carbonate with 
0-6 per cent cetia, as well as the chloride^ a suitable material for 
the preparation of rc&liiates for paint driers, the nitrate and the 
oxide, from which special cobured glasses both for decoration and 
for the tae of welders as sjikUcIc lenses are made. The pink 
neodymium oxide is also avaifabk and is By per cent pure. It is 
an excellent glass docolonzer and a source of other neodymium 
salts# Another cena’-ennehed, rare earth oxide mixture is prepared 
with special attention to its physical properties for polishing tugh- 
grade optical glass. It is faster in effect and cleaner in handling 
than rouge, ^ 

^ Many of the rare earth clemenfa yield sharp and narrow absorp- 
uon ban(» LCi the visible and ultra-violet parts of the apcctrum* a 
chaiactensuc piopcrty taken advantage of by prospectors in the 
field, ^ a confi^ioty test for monazlte which displa^ welbmarked 
did^um bands m the yellow, green and blue secUons. 

The foUowmg account of the uses of certain rare earths bi the 

W ^ kindly applied by M««i. 

Ch^e Brothm Ltd Both lanthanum and thorium oxides are 
IT^ uyjpti^ glass® ^ch have b«n devdoped in rcc™t yean, 
^ to pr^ucc a glass with a hgi rdhictive indot 
raupled with a low dupci^oD, These {miperti® arc dfsirahle 

cotrec^g photographic Icos®, and are 
normally obtained by the use of barium which gives a scries of 
glas^ ino^ as the dense banum crowns. and 

the advantage that the refractive 
>ndci IS increased relative to that of the barium glasses Tvaical 
composiuom of these new gbws are as follows: 
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in photography for ab^rblng the ultra-violet light which is scattered 
by atmospheric haze. Both didymiuiD and ceriuin oxides are coti* 
sdtuents of didymitim filter which not only absorbs ultra¬ 

violet light, but also possesses an absorption band corresponding to 
the sodium D band, and is for this reason used in the manufac¬ 
ture of spectacle ieiises for glass-blowers and others exposed to the 
glare of sodium excitation. The well-known Crootes* lenses also 
contain both these oxides. 

The other groups of the rare earths arc not yet utilized indus¬ 
trially;; that trifling amounts of yttfia and erbia were at one time 
employed among other rare earths in the glowers of Nems t lamps, 
before the introduction of the tungsten fikment lamp, is merely a 
matter of historical interest. Inquiries in London in 1951 elicited 
the information that only a few pounds of the yltria ear^s are sold 
annually^ mainly to scientific institutions for reseaTch purposesk 
Commercial yttrium oxide is a light fawn-coloured powder con¬ 
taining 80 per cent of yttria and 15 per cent of other rare earth 
oxides. The remaining 5 per cent is represented by loss on ignition. 

Besides occurring in monazite, yttrium and its associates^ luce- 
timrtp ytterbium, thulium, erhimn and holmium are found in a 
number of other minerals, including samarsidte and fergusonite, 
niohates and tantalates of yttrium, cerium and uranium, already 
mentioned under NioBruH and Tantal™. More important from 
the yttrium point of view, however, are xenotime, its natural phos- 
pbate, and gadolinite, a siheate of yttrium, beryllium 

and iron FcO^ffiBeO.VjO^.zSiOj. A mineral related to xenolkcie 
has been found in the apatite deposits of Kanyaluka, in Singbhum, 
and it contains yttria and the related earths 47-6 per cent, ceria 
earths 5*8 per cent and thoria 6^93 per cent* Gadoltnite 
discovered in 1903, by Baidyanath Saha, in a tourmaline pegmatite 
at Hesampura, Palanpur, Bombay^ 

The vicissitudes of the Indian monazite trade finrush excellent 
examples of how mineral products which, having become of little 
conseejuence for their primary' purposes, are needed once more a$ 
fresh uses are found for than; and, again, of the manner in which 
apparently worthless by-products of an earlier period may later 
become the mainstay of a mineral Industry. Such may again be 
the Case, for the production of larger quantities of the indtviduaJ 
rare earth metals in a pure condition, would, as the eminent 
American' metallurgist, W. J. Kroll, has stated, undoubtedly yield 
unexpected results* 

India’s monazite sand deposits are the largest in the world; in 
quality and thoria content they easily come first; but these are not 
reasons why recoimoitring for new deposits, or for the extedsiom 
of exisimg ones, should not be energetically prosecuted, for they 
are national assets of great strategic and econonue importance* 


CHAPTER VIII 


THE RARER ELEMENTS OF INDUSTRIAL 
IMPORTANCE 

ANTIMONY 

Stibnite, or anlLmooitCj the naturaL triatiipbide of antimony^ 
with 71 per c^nt of the oociiri m qiiarU veina travcRiog 

aUtes of Palaeozoic agCj near Krinj and Partson, about 13 milca 
from ChitraJ, in Pakistan, in a nujicraliicd zotie which^ accordiiig 
to V. P. Sondhi, extends for severaJ miles. S+ Tayyab Ali^ of the 
Geological Survey of Paki^tan^ later reported deposits 3^ miles 
south-west and 5 miles w^t of Krinj, in the Owirct and Monia 
areas. Mining waa started in 1939^ at first in haphazard fashion^ 
hut regular exploitation commenced in by the Parekh Varani 
Syndicate and later by the ChitraJ Mining Corporation of Bombay, 
o^y to cease after pardon in 1947, B^ore dispatch to the Star 
Metal Refinery at Vikhroli, near Bombay 1, hlgh'^ and low-grade 
ores ware blended at the mines so as Co give an average of 35 to 40 
JOT cent of antimony in each batchy Expertments by the Utiliza- 
lion Branch of the Geological Survey of India have proved that 
the run-of-mine ores, containing some t6 jot cent of antimony^ are 
readily amenabte to bencficiation by tabling and froth flotationj 
yielding a concentrate contalmng over 93 per cent of stibfiite. 
Zinckcnlte, the double sulphide of lead and antimony* FbS.SbJSs^ 
is reported to occur, while jamc^nite, a related mineral, aPbS. 
SbjSj, was identified by G. H. Tipper^ from Awi, near Shogar, 
a few miics from Krinj. The development of these deposits is 
handicapped by their location at an elevation of about B*000 feet 
in an inaccessible region, and by the long lead to Dargai, the nearest 
rmhhead. From other parts of Pakistaii old antimony mines are 
reported to exist in the Zaimukht Hills, north of Thal^ in die Kur- 
ram valley, and, with lead ores, at Sekran, near Khuzdar in Kalat^ 
The existence of antimony ores near the Shigri glacier in Lahul, 
East Punjab^ has been known for upwards of a ceoiury, and a con-* 
signment of 15 tons of stibnite from this locality reached England 
in 1903^ The lodes are thick, contain stibnite with its decomposi¬ 
tion products, cerv^tite, SbjOj.SbaOs* and kermesite, aSb^Sj* 
Sb^Oj, occur in gneisso&e granite and arc associated with argenti¬ 
ferous galena, zinc blende^ pyritc and manganiferous sideritc. It 
is reported that some of the stibnite contains small amounts of gold* 
The inaccessibility of the neighbourhood, its devation of 13,500 
feet beyond the Hamta pass (14,300 fect)jp and its climate, which is 

fl&7 
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rigorous cnpugti to limit work to two or throe mootha in the ycar^ 
h3vc hindered any active exploitation up to the present time. 

The atibnitc deposits of ThabyUj in the extreme south-east of 
the Amherst district of Lower Burma, are close lo the Thailand 
frontier^ A- M. Heron states that the veins are very large^ the 
biggest measured being at Least 20 feet thick and traceable for 600 
feel. The ore consists of radiating or parallel ciystals, or massive 
aggregates of Etibniie, superficially oxidised to cert^tite and stibU 
coniie^ Tlie vein stuff is a calcareous chert showing 

distinct brcceiation and often a cellular structure^ The cotintry 
rocks are bl&ek^ fissile slates of unknown age^ Small angular frag¬ 
ments of slate occur in the vcLns> which are believed to fill tension 
cracks^ and to have been deposited during periods of upheaval^ at 
moderate depths^ finm solutions at comparatively low temperatures. 
During times when high prices have ruled in the markets for metallic 
antimony, large quandties of ere have l>een obtained from Tbabyu 
and other pl^ea in the Amherst district. ThuSj in jgjfij they 
supplied upwards of 1 ^000 tons, but in more normal years the dis¬ 
tance of the depots from any modem ways of transportatloa 
renders their working unprofitable. According to the Mining and 
Mineral Production Reports of the Goverrunent of Burma, loi 
tons of antimony ore were produced in 1949, falling to 54 tons in 
t950, and rising again to a86 tons in 1951 * 

A narrow quartz vein containing stihnite has been traced for 
600 or 700 feet, in the slates forming the crest of a low ridge, on the 
wefftem slop^ of the eastern of the two parallel ranges of the Thaton- 
Martaban hills^ seven miles to the east of Katun railway station^ 
in the Thaton district of Lower Burma, which adjoins the Amherst 
district on the nordu 

The stibnite deposits of the Southern Shan States were examined 
by H- C. Jones, who concluded thut none of them appear to be 
large or of much economic importance. They occur at the follow¬ 
ing localities: Naking and Loi Hke in Motig Hsti, Mong lug m 
Kcngmng, HkomhpoL and Loi H^g in Mong Kung. stib- 
nltc usually exists in a bladed, striated variety and more rarely in 
diusy and massive forms. Tb c oxidized ores cervantite and valenti- 
niic:, Sb,Oj, are common. The Naking deposit, from which about 
1,000 tons of oce were taken m 1908, consists of atibnite irregularly 
deposited through a vein in sandstone^ perhaps of Jurassic age- 
Some of the others appear to be quartx-sribmtc veins in Plateau 
Limestone. 

Small quantities of stibmte and antimony ochre Lave been won 
firom veins and ^tches in the quarlzose rock of a schist series at 
Ghikkannanahalli, in the Chitaldrug district of Mysore. The 
veins are about two inches m thickness, swelling in places to widcr 
Icnses up to a foot or so in width. Prospecting operauons have 
shown that the ^nide of the oreliody would have to improve consider¬ 
ably before mining under normal conditions could be entertained. 
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Arttijiic?niai lead was produf^ed as a by-product at the Nam Tu 
imchcrs of the Burma Corporation until the Japanoc invasion of 
the country stopped their Dperatiom+ During the drst world war 
the requirements of the Indian Ordnance Department were met 
from, tliis source^ and Large quantidcs were exported to the United 
States of America aTter that time. Ofhcial stathtics only com* 
menced in 1924, and from that year until the end of 1941^ St,St? 
tons had been made. Up to about 1933 the composition of the 
product used to vary becwecn the following Lhnits; lead 7a to 77 
per cent, anumony 9 1 to S4 per cent and € to B os. of silver to the 
ion* From 1934 (towards it was more combtent^ with lead about 
Bi-75 per cent, antimony i7'75j copper o-SS and 3 to 4 oz. of 
silver per lotL It is estimated that over 4^000 tons of metallic anti* 
mony were contained in the total products The rtm-oP-mlU one 
at Nam Tu somedmes averaged over 1 per cent of antimony and 
it was doubtless derived from the presence of one or more of the 
following mineralsj all of which have been idenuhed in the lead- 
coppcr-sijver-zinc ores of Bawdwin; bouiangerite, a sulphantimonite 
of lead j 5PbS*2Sb,Sj:; boumonite^ asulphandmoniteoflcad and cop- 
pcTj 3(PbjGu|)S.Sb^3; pyrargyritej a sulphandmomte of silver sAgj 
S.SbfSj^ and tetrahedrite, a sulphantimonite of copper 4Gu^. Sb^ 3 |^. 

Antimony is too brittle a met^ to be used alone^ but it many 
important altop^ particularly with lead and tin. To the former 
it imparts hardne^ and tenacity^ and such ' hard lead \ with &om 
5 to ] 2 per Cent of antimony^ is used in the grids of storage batteries^ 
Other alloys of the same type find applications in the rh f m ic a l 
Industry m acid storage tanks, pumps and valves; in shrapnel 
bullets and the fillings of smali^arms ammunition; in the sheathings 
of telegraph and telephone cables; in certain alloys used for collap* 
sible tiibc^ and foils^ as well as for many ancbitectuTal and oma^ 
mental purposes for which lead alone is too soft. 

Metallic antimony is an essential component of most of the 
* anti-friction \ * white * or * bearing-metals \ which also contain 
tin or lead. * Babbitt metal \ for Instance, contains 83 to 89 per 
cent tin, 7 to 11 per cent antimony and 4 to G per cent copper. 
The lead base alloys may contain np to t5 per cent antunony. The 
type metab of the printer are essentially alloys of lead {50 to Bo 
per cent), with varying amounts of antimony (up to 30 per cent). 
In which small percentages of tinp bismuth and copper may also 
be Incorpomted. Th^ are characterized by their fu^ibilicy and 
power of slight expansion on solidification. The Britannia metals^ 
which by reason of their silvery appearance arc employed in the 
manufaciuie of table-ware, are alloys of tin or lead and antimony 
in var^mg amounts, with smaller quantities of copper and zinCp 
Pewter is a related ^loy of tin, lead and anumony* 

Compounds of the metal have widely spread applications. 
Surma is the vernacular name for the powdered natural sulphide^ 
sold in the bamars of northern India and Paltistan as a cosmetic 
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for the beautifying of the eyes aod eyelashes. The more prosaic 
services of the sulphide include its use as a dark pigment in camou* 
flagp piiints; it is said to possess the same infra-red reflecting pciw^cr 
as green folkge. Incorporated In the chat^ of shells it iiroduces 
a dense white moke when they explode, a property- which it shares 
with the oxide. The red trisuJphjdc, or Antimony Red^ is a useful 
pigment, and both it and the pentasulphide arc employed in the 
vulcanization of rubber. Many of the compositioni of the heads 
of safety matchra contain about 3 per cent of antimony tHsulphldc, 
while the striMog surfaces of the box itself contain about 8 per cent 
of the same substance, which is also employed in pyroiechny and 
as an ingredient of percussion-cap mixtures. The oxides of anti¬ 
mony have many uses, not only as white pigments and opaciliers 
for the vitreous enamels of iron and steel articles and in the glass 
and ceramic industrirs, but also in the composition of spcciai flame* 
retarding paints and of sprays for the fire' and mildew-proofing of 
variGiis textiles. Other compounda form the basis for a number 
of yellow pigments. The trichloride is used for the " browning" 
and' bronzing* of gun barreb- Tartar emetic, potassium antimony 
tartrate, and other salts are employed as mordants in dyeing. Final¬ 
ly, the medicinal preparations of andmony should be mentioned^ 
especially those us^ in, the fight against kala azar and bllharzlosis^ 

The Star Meial Refinery at Vlkhroli, Bombay^ completed during 
the second world war, is the only antimony-producittg concern in 
India, deriving iu otts (mm C^itml until the mind passed to 
Pakistan on the partition of the country in 1947+ In that year 
238 tons of the metal were made, rising to 230 tons in 194B and 
fidling to TOO tons in 1949. Indian Imports ofantimony ore totalled 
571 tons In 1948 and 250 tons in 1949, derived from Burma, Slami 
the United States of America and China (In 1948). For the aix 
months ending June 1950, India Imported 417 tons of antimony 
ore. The consumption of metallic antimony before partition Is 
estimated to have been approximately 300 tons per annum, and 
It is expected to be doubled in the near future. During the five 
years E939-43» Inclusive, the average annual production of antimony 
ore &oin the ChitraJ mines was 442 tons; for the four years ending 
ig47 it was 1^167 tonS;^ of a spot ^alue of Rs 1*81,045^ and since 
that time no further output has been reported. 

The average annual world production of andmony ore^ in terms 
of metal, for the five years ending T93B, was approximately 34iOOO 
tqns^ about thire-iquartcrs of which came from China, Bolivia and 
Mexico^ Until the invasion by the Japanese in 1942, China was 
the leading antimony-producing country, respcnilblc for about 70 
per cent of the w'Orldb supply^ and in earlier years still for a good 
deal more than this. The chief ore deposits arc in the provinces 
of Hunan, Kwangtung and KwangsL In the former a series of 
sediments, ranging from Silurian to Carboniferous In age, have 
been strongly folded and fractured, rcsuldng in the shattering of 
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cortaia quartzite bands^ the jairvts and cracks of which have been 
recenfiervtcd by antimonite, which also replaces the rock to some 
In otlitr Iccalitin the stibnitc is found in quartz veins of 
a more normal ly^pe. The decrease in Chintse production has led 
to the large-acalc dcv^elopment of antimony ore deposits elsewhere, 
particularly in South America, so that of the world's production 
of 37,3^7 toiu of antimony ore, representing say 26,000 tons of the 
zneiai, approximately 32 per cent came from Bolivia^ ao per cent 
from Mexico, 15 per cent from the United States and over 4 per 
cent from Peruj outside the Americas, South Africa is the largest 
prioduccr wdth 11 per cent of the total in 1947, the stibnite hem 
occurring in the auriferous reels of the Murchison Range in the 
TransvaaL Antimony ores are widely distributed and eighteen 
other countries appear in the list of producers for 1948. 

Stibnite is one of the most fusible of minerals and can be melted 
very easily, a property taken advantage of in the preliminary treat¬ 
ment of this ore, in which heat is applied and the molten sulphide 
run off into receivers as it drains away from the gangue and waste 
rock. It contains about 70 per cent of the mc^ and is referred 
to In the trade as Crude Antimony, The unrefined melal is termed 
Regulus, while Star Antimony is the name applied to the com- 
paradvciy pure refined metal, doubtless From the characteristic 
markings on the surface of the ingots. It generally contains oyer 
99 per cent of the metal, often, in the ca*e of special brands, rising 
to 99^6-99*8 per cent antimony, 

arsenic 

Arsenic is a steely-grey, brittle metal with a bright lustre and 
scaly structure, a very widely distributed element and a constituent 
of a great number of mineral species, such as the sulpharscmdcs of 
copper, lead and silver and the various arsenates. I ta c^cf primary 
mineral is arsenopyrite or mispickci, the sulpharsenldc of iron, 
FcSgTcAjj, which contains 46 per cent of arsenic ; closely related 
to it are the arsenides of iron, iSllingite, FeAs^, and Leucopyntc 
Fc jAS|- They are all members of the marcasLie group of minerals, 
znai'casitc being the orihorhombic form of iron p^Tites, FeSj, and 
it is likely that mixed crystals exist which may contain any of diem. 
The simple sulphides, realgar, AsS, with 70 per cent of arsenic and 
orpjment, with 61 per cent of arsenic, occur in Chitral and 

elsewhere. Racdcally all the arsenical compounds of commerce, 
with the exception of these natural coloured sulphides, arc recovered 
as by-products tn the roasting of the arsenical ores of other metals, 
such as copper, silver, gold and tin. Soots and flue dusts from 
such operations contain the crude oxidcp which after purification 
is mar^ted as White Arsenic, arsenious oxide, As^O^h 

The orpiment mines of Chilral are of great age, and^ small 
quandti^ of the mineral arc sdD obtained from them from time to 
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though for a great man^ years no retuma of production were 
availabJr, until 1945 and 1946^ when a total of 11 tons was returned* 
According to G. H- Tipper, there are six principal areas in which 
they arc situated—Miigasht Gol, Aligot, Londku, Wizmidh, 
Mogomo Zom and Stach and all lie between 10,000 and 16,000 
feet above sea level. The bright yellow trbulphide, orpiment, h 
usually associated with the brilliant aurora-red monosulphide, 
realg^, and with duorspar, the minerals occurriDg close to a band 
ofbasic rockj inp^ivc into calcareous shale accompanied by marble, 
V* P* Sotidhi visited the region in 1943 and found the occurrences 
extremely variablei ranging from mere stringers to local expansions 
up^ to 10 feet across. Srnall quantities of the sulphides were then 
being won at Ahgot. For nine months of the year the workings 
m burled under deep snow, so that any latge^ale developments 
in the foreseeable future are unlikely. Arsenical pyrites is abo 
well known m Chitt^, but as a source of arsenic or itg oxide U 
could not compete with cheap imported products. 

Both orpiment and realgar occur in scattered fragments on the 
moraines of the Shankalpa glacier in the Kumann Himalayas* 
where they arc coI[ectcd and sold local ly* doubtless furnishing 
pm of the supplies of the cities in northern India, for the 
minerals can be purchased in specimen quantities in alm^t 
any bazaar. 

C^iment has been Imported into Burma from the Chinese 
province of Yunnan for a gr^t many years. Co^n Brown was 
the first foreigner to locate, visit and describe the mineSi which lie 
at an elevation of 8*000 feet, in mountainous country* two days* 
lourney to the ^uth-west of Tali. The deposit is confined to a 
about four feet thick, of Permo«Triassic age, 
which hM been thoroughly shattered in all directions. Orpiment 
and realgar have been deposited in the bedding. Joint hacture 
P replaced the minerals of the rock 

_ miuiingj irregular strings which swell into lumps and bands 
of solid sulphides. The quantity of orpiment coming into Burma 
ftom Yunnan used in fluctuate between aoo and 500 tons per 
^uin, but the diseontinuadon of the compilation of the trans- 
fronticr trade returns in 1924 makes it impossible to comment on 
what may have happened since that time. 

The occurrence of arsenical pyrites on Sampthar Hill, in the 
^impong lu^j^ion, Darjeeling district. West Bengal, originally 
dcscri^ by F. H, Mallet in i88a, was re-examined during the 
second world war and found to consist of two seams, seven an^ six 
mches resj^iively, separated by a band of quam schists, 
hut their lenttcular character did not favour hiTthcr exploration, 
samples of the seams contained from 9-7 to a? 17 per cent of 
TOnic. The occurrences of the iron arsenides, Iftllingite and 
leucopy-nte. m the mica-bearing pegmatites of the Hasaribagh 
mstrict, Bihar, possess no economic importance. 
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The importajit mciailurgicai use of arsenic is in the pro 
patation of arsenicaJ copper^ for with o* i to o '5 per cent of arseiiic 
the metal b^omes harder and stronger and has better heat- and 
corrosion-resistance than the purer fbrni^ Arsenical copper is 
accordingly used for locomotive firebox plates and stays, for calico- 
printing rollers, for motor-car radiators and other articles that are 
assembled by soldering. Deoxidized arsenical copper is mainly 
used for welded vessels. The usual method of making arsenical 
copper is by the addition of arsenioiis oxide to the molten metal^ 
followed by poling. Amounts up to 1 per cent of arsenic arc added 
to lead which is to be used in the manufacture of shot. Arsenious 
oxidcj or white arsenic, is an extremely poisonous compound and 
upwards of 70 per cent of the total world production is said to be 
used in the preparation of insecticides, such as the lead and eaJdum 
arsenates, for the protection of crops of various kinds from the 
attacks of injurious pests, while a further bo per cent entra into 
the compcKiuon of weed killen. Fungicides, bactericides, sheep 
and cattle dips, preservatives for timber, duns, hides and leather, 
as as arsenical soaps, are other outlets. White arsenic also 
has its uses in opalescent gla^-making, in calico printing, in the 
fixation of anilme dyes and in many drugs for veterinary and general 
medical practice* Some of the lethm substances proposed for 
chemical warfare, such as lewkite fchlorovmyl dichlorafsine), owe 
their destructive power to the presence of arsenic* As its name 
indicates, oipiment (a coiruption of the Latin entrf pigmimium or 
* golden paint "j finds a direct use in the manufacture of Indian 
ornamental lac wares and of Burmese lacquer work. Powdered 
and mixed with gum it products a so-called ‘ gold lacquer ", while 
with Indigo it forms green tints. In the designs of Afrrdi wax cloths 
advantage is taken of the colour of orpimenL The mineral is ^so 
widely used in the East as a depilatory. 

There is a small but steady demand in India for arsenical com-^ 
pounds. Thus during the five years 1913-14 to 1917*18, approxi¬ 
mately too tons of arsenic and its oxide were imported annually, 
while over the decade ending 1943, this had risen to 185 tons. 
Valued at Rs ^,31,043 per anruum. The world"s production of 
white arsenic in 1948 was 41,880 tons, out of which the United 
Stata were alone rcaponsible for 17*290 tons. The severe com- 

E etition from coiincrlea where white arsenic is produced as a cheap 
y-product would have to be met if it became ptmible to 
manufacture the oxide in India, in connexion with some future 
development of her base metal industry, 

BISMUTH 

Bismuth is closely related to arsenic and antimony and like these 
elements Is found in the native stare and in a number of similar 
natural compounds. Native bismuth is a very brittle, lustrous. 


294 KAllKIt ELEMENTS OF INDUSTRIAL IMTOItTANOE 

silvery-white metal whh a pinkish tingej a well-developed^ siraight. 
brtiliiwt cleavage and a platey stnicmre. On exposure its fresh 
surhices tamUh rapidly. It can be cut with a knife and melts 
easily below a red heat, possessing the power of expansion on 
solidihcation. The ora which have been identified in India, or 
Burmaj include the native metal itself, Bi; blsmuthinite^ bkmuth 
sulphide, with Si - a per cent of the metal; bismlte or bismuth 

ochre, bismuth trioxidc, Bi^O^ with Bg per cent of the 
bismutlte, a basic carbonate of uncertain compos iiion^ but probably 
and bismutospharite, another basic carbonate 
with the formula Big(GO^j.i?BijO^ 

Small quantities of bismuth have been reported from some of 
the copper ores of Singhbhum, with the nickel-cobalt ores of Bhorle 
in Nepal and w ith manganese ore at Siri on the bordera of Kulu, 
E. Punjab. Bismuthinlte and bismutospharite have been found 
assfKziatcd with galena^ cerussitc (the carbonate of lead) and barytes 
at Maltholp near Purulta, Manbhum. 

A few hundredweights of bismuth ores have been exported from 
the Tavoy district of Bnmia from time to time: here both native 
bismuth and its sulphide occur in small amounts in of fhg 

woLfram and. cassilcrite vcinsp as. Jot example, in th^wiF of Kanbauk, 
Xalontat 2 imba and PuiJetto, They have also been found in the 
adjoining districts of Mer;^ui and Amherst. The bismuth minerals 
originated from the granites of Tenasserim, as those of tin and 
tun^en have abo done, but they belong to a bter phase of the 
ore-forming processes, as the metal is often found in thin filaments 
deposited on, w cutting through, the wolfram. The quantity of 
the bismuth minerals found in the veins is far too insignificant to 
permit of their profitable extraction on this account alone, and the 
parcels of ore which have left Burma ha\e been recovered 
as by-products in the sluicing of eluvial deposits for wolfram and 
tinstone, the heavy bismuth compounds accumuiatlng in the sluice 
boxes with these concentrates. Under these conditions the native 
metal is always very oxidized and its coating? of bismuth ochres 
cause it to resemble small rounded pieces of dirt>% yell owish-grey 
stone, which arc often earefully picked nut by tributorx ignorant 
of their value and thrown away, although on breaking the larger 
pieces there is often a bright, metallic kernel within, ft is well 
known that some of the tjn^timgsten ores, not only of Burma, but 
aim ^of Thailand and China, contain appreciable amounts of 
oxidized bismuth compounds, mainly in the form of the carbonates, 
and that they lemain with the cassitcribe when the wolfram is 
rmoved from the mix^ concentrates by magnetic separation. 
From such tin ores the bismuth is recoverable by suitable chemical 
means, but no infomiation is obtainable as to the quantitia of 
Bunniae ora m treated or of the amounts of bismuth so obtained. 
As far as existing methods on the minJng fields themselves are con¬ 
cerned, the output from known sources is ILbdy to remain extremely 
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smal]. It remziiu lo add that }argc nofiiii^ af native bismutli are 
occa^iDn^l^r found in the gem-bcarliig detxitm of the Ruby Mina 
region in Upper BurmAj and that their sotirce ia oompleicly^ 
unknown. 

In normal limes it is said that upwards of three-quarters of the 
world^s production of bismuth is employed in the manufacture of 
medicinal and cosmetic preparations^ but the metal is also used on 
a large scale for alloying with lead, tin, cadmium and other metals 
such as antimony. Such alloys are characterized by Chetr low 
melting points and non-shrinking properties; for example the 
faimliar Wood^s metal with bismuth 50 per cent, lead 25 per cent, 
tin 12 ■ 5 per cent and cadmium 1 a *3 per cent, melts at about 70® G. j 
another, known as Rosens metab with bismuth 30 per cent, lead 
25 per cent and tin 25 per ceni, melts at 94^ C. Their industrial 
applications include fuses for aucomauc ^vate^-^^inklc^s which 
operate in the case of accidental fires, safety plugs for boilers, safety 
fuses for electrical apparaius, moulding and pattern metals, mount¬ 
ings for di<:a, punches and so forth, special solders, and fillers for 
bending thin-walled tubing of other metals from which thcry can 
afterwards be steamed out. Large quantities of bismuth and its 
alloys are said to be used in the production of atomic bombs and 
radar equipment. Bismuth amalgams arc used in dentistiy; the 
carbonate and nitrate arc the chief phannaceutical compouncii. 

It IS estimated that before the second world war the total con-p 
sumption of bbmuth was in the neighbourhood of 1,300 or 1,400 
tons annually and it has probably increased greatly since then, but 
complete and accurate data are not available* Twenty years ago 
Bolivia was the main source of supply, the bismuth ores fomung 
pan of a tin-tungsten-base metal sulphide assemblage recalling that 
of Lower Burma. Peru is now the leading producer, the bismuth 
being obtained as a by-product in the smelting and refining of lead 
and lead-silver ores. The Mexican output comes laigely from the 
flue dusts of smelters treating copper and copper-silver ores. The 
Canadian production too is a by-product recovery from lead and 
copper Ores* Bismuth ores seem to have been reported from most 
of the important mining fields of the world, though rarely in sub^ 
stantial quamirics; at the same lime the list ofpr^ucing countries 
ia a loog one including as it docs Spain, Yugoslavia, Sweden^ 
Germany, France, the Soviet Union, China, Australia, the Belgian 
Congo and South Africa. 

The price of metallic bismuth^ which had fallen from 12a. fid, 
in ipao to 3s. fid. per lb. in September 1935, bad rwen again to 17a, 
per lb. in December 1950- 


CADMIUM 

Cadmium has been described as ‘ the rarest of the common 
metals ** Ii ip soft and silvcry'-whitc in appearance, malleable* 
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ducdk and easily liisible. A close relative of due* it nonnaJly 
occuta in dne ores to the extent of from om to 0*4 per cent, 
probably in the form of the sulphide^ greenockitc, CklS. It b also 
found in very small amounu in other metallic ores^ and h recovered 
on a commercial scale not only from the products valaiilizcd during 
the roasting of zinc ores and from the leach liquors of the electrolytic 
prcK^ of zinc manufacture^ but aUo from the dust- and fume- 
collecting equLomenta of copper and Lead smelters. 

The zinc blende of the Bawdwin orebody in Burma is known 
to contain small quantities of cadmium^ Zinc cdncentratjcs from 
the Zawar mines of Rajasthan average 0^2 per cent of the metaL 
A sp^imen of zinc blende from the Great Limestone, near Darabi, 
Riast iahsilj Kashmir, contained o^iy per cent cadmium. 

Just as Ae major use of zinc in normal times is in thin coatinp 
to protect iron and steel sheets from atmospheric corrosion and 
10 be seen all over the world in the form of* galvanizied * corrugated 
sheets, wire netting and fencing, pipes, tubes, bolts, nuts^ screws 
and so on* so the major use of the rarer and much more expemsive 
sister melaj cadmium in the past has been to elcctro-plate more 
ixoTOrtant iron and steel articles with a resistant, rust-proof coating,, 
to DC found Iw example in aircrafe parts and the fittings of motor 
cars^ Cadmium is also an essential component of the high duty 
^oys u^d for the bearings oflntcmal combustion engines, lowering 
the coemcicni of friction, adding strength and mcreasing latigue- 
resis^ncc, particularly when coated with small amounti of indium^ 
another rare metal not as yet identified in India. Such alloys may 
contain from 95 to 98 per cent of cadmium with small additJoni of 
j *^f Silver and copper^ Cadmium lowers the melting point 

of fioldcn, and with bismuth, lead and tin is a component of the 
fusible alloys more fully described under Bisutmi. Small amounts 
of cadmium are added to pure copper to be used in the form of 
wir« for Long-span overhead cables, for by this means the strength 
of the met^ IS ^eady inmased with a minimum sacrifice of elec¬ 
trical conductivity. Similar cold-worked copper with about 
pw cent of cadmium is extensively employed for trolley wires and 
other purposes. As cadmium has a high absorption capacity for 
neutrons u has been made into rods for the control of some types 
of atomc piles, the reactions within which can be decreased or 
inlenaified by winding the rods in or out as required, but it is not 
the only element adopted for this purpose. 

Saltt of cadmium, apart from those used in electro-plating, have 
a number ^industrial uses ^ the sulphide forms the brilliant pigment 
known as Cadmium YelJow, the suiphoselemidc Is Gadmiimi Red. 
Th«, and a whole range of related colours, are used in paint- 
making m well as for ceramics and inks and the processing of rubber 
and leather goods. Other compounds are used in luminescent 
pigmimts ^d In photomphy^ The colouring agents most fre¬ 
quently used by Indian bauglc-maken are cadmium sulphide and 
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selenium^ beside? the oxide? of cobalt axid doppcr+ Cadmimn 
tulphate is employed in standard electric edis for the accurate 
determination of electric pressures. 

The average worJd production of cadmium for the five years 
ending 1938 was a little more than 4,000 tons, which came, of 
course^ from the countries mimng and smelting zinc ores or from 
others which make zinc from imported ores* Thus about half of 
the 4,000 tom came from the United States of America and the 
renLiindcr from Mexico, Canada, Germany, Australia, Poland and 
Belgium. In 1947 the United States alone produced over 3,600 
tons, Mexico over 760 tons and Canada about 330 tons. For a 
number of years the Australian production has averaged about 
330 tons per annum. 

Cadnuum is a costly metal 1 Its producuon figures arc usually 
stat^ in pounds avoirdupob or kilograms and in the American and 
British markets it is sold by the pound. The London price of 5s. 4d. 
per pound in 1945 had risen to 173. 3d. per pound by the end of 
1950, the cqmv^ent of per ton. 

GALLIUM 

Gallium, a member of the family of elements which also mcludes 
aluminium, indium and thalliuro, is one of the scarcest metals al* 
though traces of it are to be found in many common, ores» Its 
existence was predicted by the Russian chemist Mendel^eff in 1671, 
under the name eka-aluminium, and It was discovered by the 
French chemist L. dc Boisbaudran in 1875, in a zinc blende from 
the Pyrenees. Today, it is recovered from the flue dusts of zinc 
smelters, from the residues of zme refineries, and, like gennanium, 
from the flue dusts of gases from producers burning certain type? 
of coal. It occurs in some bauxites, the ores of aluminium^ and 
has, indeed, been identified in specimens from Salgipat noith of 
Lohard^, Bihar, by B. Mukheijce and R, Outta. Residues from 
the various industri^ processes using bauxite in India, including 
those of the aluminium works^ merit examination as possible sources 
of supply^ Gallium has also been found in quartz firom the 
Kangundi gold mine in Chittoor, Andhra, and in both manganese 
ore and mica from Nagpur, ^'^hya Pradesh- The metal itself, 
which Is most conveniendy obtained by the electroiysb of aqueous 
solutions of sodium ^allatc, ha.^ some unusual properties, for it is a 
silvery'-white crystalline solid which melts at C*, so that it liquifies 
when held in the hand. It behaves rather like mercury in forming 
amalgams, and it alloys easily with other metals, but It doc& not boU 
b^low 1300 * C.j compared with 357®^ C. for mercury. Apart from 
Its use in the construction of high-temperature therTnomctcirs it haa 
no outstanding industrial applications at present, but its unique 
properrics will no doubt be turned to commetci^ account when 
larger supplies become available. 
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GERMANIUM 

Ccrmanium is a grtyish-white OTStalline and brittle metal allied 
to tin, and originally isolated by the Gentian chemist Winkler from 
the siilphogentianate of silver, argyrodite, thirteen years after 
Mendcldeff had predicted its properties with remarkable accuracy. 
It also occurs in a few other rare natural compounds of similar 
character, but on a commercUl scale is obtained mainly from the 
lesiducf of zinc refining works in America and from the Rue dusts 
of coal in Britain* Many English coals are reported to contain 
germanium to the extent of lo to 20 ^rts per QulLion, which be¬ 
comes concentrated chiefly in the dusts of flues of installations burn¬ 
ing producer gas made from them. Such dusts, according to 

A. R. Powell of Johnson Matthey &. Go.^ may contain up to i per 
cent of germanium and of galLium, though their general content is 
from 0- 25 to 0-75 per cent of each of the two elements. The 
germanium is separated from them as its tetrachloride^ a liquid 
which boils at85* C., which is then hydroli^cd to obtain the dioxide. 
This, on r^uedon by hydrogen, pelds the metals According to 

B. Mukherjcc and R. Dutta, ashes from coals of the Garo Hills of 

Assam contain from to o^ t£S per cent of germanium, while 

those from coab of the Singareui and Tandtir fields of Hyderabad 
cDDtmn from 0'055 to 0-065 and 0*017 

pectively of the same element. The whole question of the 
occurrence of getmanlum In Indian coaU needs fuller investigation.' 

Germanium b a scmi-conductor and its resistance to the passage 
of an electric current decreases with a rise in its temperature, a 
reversal of the behasdour of a normal metallic conductor, and a 
ptoperty which can be utilbed in the construedon of thermbtors. 
These arc small and extremely sensidve devices for measuring tem- 
fjeratures. The metal h also used in instruments For the detennina- 
don of the strength of ma^ctic fields, but i t is in the field of elec¬ 
tronic developments that It is becoming of iucreaaing importance* 
Herem, it is used as a crystal rectifier in the detection of very high- 
frequency electric waves, such as those used in radar, and in various 
typta of transhon which amplify curtmti and perform other func¬ 
tions usually done by thermionic valves. Radio broadcasting 
receivers have been demonstr-ated which employ a gennaiiiiim 
crystal rectifier, as well as germarLium crviial triodc valves as ampli- 
fiersp.^ in both radio-fiequency and audio-frequency stageSi Ger" 
manium diode and triode assemblies have advantages over the 
thermionic valve in that they require no heatingp are of small size, 
™^cd construction and operate instantly when switched on. 
They are of great service in many types of electronic ciremts in- 
cludmg computing machines, smaU radio receivers, dcaf-aid 
amplifier and m general industrial work of this tbd. In August 
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1953 germarumiL mctRj was quoted on the Uniled States market 
at 65 cents per gram or $1295 per pound and germanium dioxide 
at $143 per pound ; the approximate sterling equivalents of theae 
three dollar prices at prevailing rates of exchange being 
3^^ 105-7-0 and jC5O-i 4-0 re 3 pecti%ely, 

MERCURY 

Mercury^ or quicksilver, one of the heaviest of the elements and 
the only pure metal that is liquid at ordinary climatic temperaturesp 
ociairs naturally in small quantities, but is for the most part ob¬ 
tained from i ts sulphide, cinnabar, HgS^ a mineral which is mined 
chiefiy in Italy, Spain and the AmcricasH Various occurrenc^^ 
both of mercury and of cinnabar^ have been reported Irora India 
and Burma, but the evidence for their existence is not trustworthy 
and those that have been examined have proved spur tom. P* 
Viswanathan has recorded * crimson grains of cinnabar' in the 
blajck beach sand concentrates from NcedaJtara near Quilorij, 
Travancorc^Gochm state* Recently, a reported occurrence of 
mercury near Sakoli in the Bhandara district of hladliya Pradesh 
has been found on mvestigation to be a case of sal dng. In Pakistan^ 
howevcTj cmnabar has been definitely identified in the concen¬ 
trates of the gold washings from the Chitral rivcTp * pointing"^ 
to use the words of Sir Lewis Fermor, * to the existence of a deposit 
of thb minend somew^hens in the State In most parts of the 
world, the ores of mercury are geologically young and their dis¬ 
tribution h related to the folding and rracturinj5 associated with 
the Alpine-Himalayan mountain ^*stem 3 . It is, therefore, not 
beyond the bounds of probability that they may occur in the as 
yet vast un prospected region which stretches from Assam to Kashmir 
and beyond, especially as they are Imown to exist in north-wcat 
Yunnan to the east and in Afghanistan to the w'cst. 

Mercury has manifold uses ranging from scientific Ln^truments 
such as thermometers and barometers, electrical contacts, arc 
rectifiers, automatic switches and control devices to mercury-’V'apOLtf 
Lamps and the mercury-vapour boilers of large power installations* 
It is employed in the electrolytic preparation of chlorine, caustic 
soda, acetic acid and acetone. Many metals, Including gold, silver 
and tin, dissolve in mcrcur>' to form alloys knoivn as amalgams, 
and advantage is taken of this in the recovery of gold from its ores 
and in the preparations used in dentistry. Many salts of mercury 
arc of great utility: the red merckiric oxide in dry' battery cellS) and 
in antLfouling paints for ships; the fulminate as a powerful detonat¬ 
ing explosive; iht bright scarlet julpbidc as a pigment in paints md 
printing inks| both mcrciiroua and racitrurLc chloride play an im¬ 
portant part in medicinci the former being the welUmown drug^ 
calomeb latter coirtHivc sublimate^ an antiseptic, fungicide 

and insecticide of note^ Other compounds of mercury are em¬ 
ployed in the manufacture of plastics, dyestuffr and other chemicals. 


300 RARE51 EL£MS:KTS Ot INHtJS TRIAL tB<PORTAKCR 

The average annual world production of mercury -durmg the 
period 1934-^ 3i950 tons^ upwards of 70 per cent of which was 

represented by the combined output of Spa in and Italy^ with smaller 
amounts from the United States of America^ the Soviet Unlofii 
Mexico^ Chiiia and other countries. The 1947 production was 
estimated at about 5^300 tons^ to which Spain and Italy contributed 
approximately 60 per cenL In 1950^ the output from the Alnaaden 
deposits of Spain rose to bet^^ecn liS^ooo and iso,ooo fiaskSp the 
wrought iron rcceplaclt^ In which the metaL is stored and transpor¬ 
ted. The standard flask coniaim about 76 Ib^ of mercury and forms 
the market unit of quantity. In December 1950 the London price 
was a nominal one of £37-10-0 per flask. 

RUBIDIUM AND G.AES 1 UM 

The elements Lithium^ sodium, potassium^ rubidium and caesium 
togj;iher constitute the alkali group of metals. They are ail ailvery- 
white in colour, exceptionally li^t in weight [lithium being only 
about half the weight of watcrj, soft enough to be cut with a knife, 
tarnish rapidly in air and dccotnpo^ in water at ordinary tem^ 
peratures, Li^um^ rubidium and caesium are the rarer mernbers 
of the group, in the order named, and they are generally found 
together in their natural cQmpoundSj though lithium is far more 
abundant than either of the other two. The lithium-bearing 
minerals so far identified in India, lepidolitc, spodumenc and 
amblygoruEe, have been described under LmrnjMj but in only one 
of the occurrences^ that of the lepLdolitc, or lithium mica, >ffom 
Pipra in Bihar, has the presence of rubidium, to ihe extent of 0-07 
per Cent of its QXidCj Rb^O, and of Graces of caesium, been confirmed- 
In the lepidolitc from Munda\'al In Bastar only rubidium has bttfi 
delected spectrpgraphically^ This is probably because the others 
have not been fully investigated chemically^ Traces of caesium 
are suspected in the composition of the greenj roscoeli ti c micaa, 
described by S, K. Chatterjee, from Mahalgaon, Bhandara district* 
Madhya Pradesh. ^Vhen Investigations into the prevalence of 
these rare alkali metals in India are undertaken, the microcHne 
feldspars from the mica-bearing pegmatites of Bihari Andhra and 
Rajasthan should be particularly examined, as well as the beryls 
from the last named State. Such feldspars from pegmatites in 
south-v/est Maine, U.S.A., have been found to carry up to 3 per 
cent of rubidium oxide and over nr5 per cent of caesia. A pabl^- 
lion fay the PTincip[d Minei^ogist of the United States Bureau of 
Mines and others, gives the information that rubidium ocemred in 
a t least fractional percentages in every specimen of forty-four micro- 
clm« tested from the peg^tites of Maine, Massachusetts, Con¬ 
necticut and New Hampahire, and that in twenty-two of the forty- 
lour, a content of } to 3 per cent of rubidia was indicated. Lepi- 
aolite from the same States nearly always contains some caesium 
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rubidiu^ An attuzonice (gran microcline) Wi the Ilmen 
Mountains of the Soviet Union concalm over 3 per cent of rubidia 
while a mieroctine from Varutrask, Sweden, is reported to carry 
3'3 P«r “nt nibidb, 0*6 per cent cacsia and 0*34 per cent liihia. 
In such leldspan the rarer alkali metajj replace part of the normal 
potassium in the formula K,O.AI,Oj.6SiO», Although rubidium 
IS more pientiful than caesium it is not known to form any definite 
of It* own. Caesium has only one n^mral com^ 
pound. Its hydrait^ silicate with alnmininm, pollucite, an mceed- 
i^Iy rare mineral which has been foimd in a pegmatite on the 
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Uakota, U.S,A., as well as at Karibib in South-West Africa 

f. tHcmselvm be prepared by the electrolysis of 

fused chioride melB, or by the vacuum distillation of their oxides 

with alu^tu^, hnt they are usually marketed as chlorides or 

nitrates. Rubidium compounds arc staled to have importance as 

microcheimcal reagents. Caesium salts are chiefly employed in 

the manufacture of photo-electric cells, electron multiplier the 

screens of televwon cameras and in the so-called ‘ black Bzhi * and 

other signalling devices. * 


SELENIUM 

Sdenium b a non-mctallic element, closely allied to sulphur 
winch forms the natural sdenides such as clausthalite, the sclcnide 
of lead, PbSc, and berzelianJ te, the sclcnide of copper, Gu,Se, the 
analogues of the sulphides, galena, the sulphide of lead, PbS’and 
chaicocitc, CujSj a sulphide of topper, respectively. Selenium 
Incurs in native sulphur and in most ores of a pyritic character, 
^ugh often in very small quantities. There is reason to suspect 
its presence in the copper ores of Singhbbum and in the leadline- 
copper ores of Bawdwin, in the Shan States, but in neither case are 
analyses of the waste products forthcoming, in which it may have 
accumulated during their treatment. The clement is never abund¬ 
ant enough to be mined alone for Its own sake and commercial 
’“PP^“ obtained as by-pvoducts during the electrolytic refining 
of blister copper, as both selenimn and telliiriiim remain in the 
sludges from which they ate recovered. Smaller quamides are 
"SO obtained from deposits which accumulate in the lead chambers 
during the tnanu&cturc of sulphuric acid. 

The principal application of selenium is in the glass industry, 
ns a neutralizing agent of the granish colour imparted to glass by 
small amount of iron, and for this purpose it is said to be displacing 
tnanganesc dioxide. Larger percentages give pink, red and ruby 
tcits to glasses which we manufactured for such purposes as railway 
signal lights, the rear li^ts of motor vchicim and the like. Mixtures 
■*l**“w™ and varying amounts of cadmium sulphide afford a 
whole series of glass and ceramic pigments, ranging horn yellow to 
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red, and arc, in fart, the colouring agents most frequently used by 

Indian bangle-inakcrs. , * ■ e . 

Scltnium* lUtt sulphur, exists in sc^^cral allotropic fonna^ and 
one of them, a silray-grey crysullLtie solid, th^ ‘ 

selenium % varies in electrical raiatance with the intensity of the 
Uerht to which it happens to be exposed, and for this reason is used 
in the conatmetion of photMleetrle cells. These play an essential 
part in the ‘ talking pictures^ of the cinema, m the transmissioii 
of pihotographs and sketches by ' wire ^ as well as in photographic 
exposure meters, scanners, counters, remote control apparati^. 
Optophones, smoke and turbidity measuring instrumenta, automatic 
devices for lighting street lamps and buoys at sea, electric sigm, as 
well as those for the openii^ and dosing of doors, for burglar aJanm 
and mechanical safety devices. Selenium ia also emplo]^ in recti¬ 
fiers for the conversion of aJtematIrig into direct electric^ cuirciits* 
It is added to some forma of stainless steel and to certain copper 
alloys to improve their machining properties^ The rubber Lndxistry 
uses it as a toughening agent for such products as cable coverings 
for mines and ships, for machine beltings and shock-resisting blocks 
and pads< In such examplea it is said to confer on rubber a 
number of desirable attributes unobtainable by the use of sulphur 
alone. 

The world's annual production of selenium is probably in the 
nej^bourhood of 550 tons, and it is derived ahnast entirely from 
the major copper refining countries v^hosc output is usually ex¬ 
pressed in pounds avoirdupois. Thus in 1947, the Onited States 
produced Grs,GoO Ib^, and Canada 501,090 lb., f^ing to 317,500 lb. 
in 194S, while the slimes of the Noithcm Rhodesian copper re* 
fineries'yielded 27,056 lb- in 1950- About the middle of 
selenium was obtainable at a cost of 14s. per 1b., but by the end of 
the same year this had risen to £*-5-0 per pound. 

TELLURIUM 

Tellurium ia a brittle silvery-white element, resembiing antimony 
in outward appearance, which lies on the borderline between the 
metals and non-metals: closclj^ related to seicninm and sulphur m 
many of its chemical properties, it does, at times, act like a true 
met^. it occurs in the native state and is widely distributed m 
small amounts, often in association with the ores of gold, silver, lead 
and copper, AJtake, the tcUuride of lead, PbTc, the analogue of 
the selcnide cLauschalitet PbSe, and of the sulphide, galena, PbS, 
occurs with gold at Kyaukpazat, Katha dbuict. Upper Burma. 
TcLLurides are also Idiown to occur with the gold of the Orientai 
Lode of the KoLar goldfield; with copper sulphides in the gold- 
bearing quam veins of Lawa, Manbhum, Bibar, and with the 
eoppier ores of Sikkim, but to which particular mineral species these 
Indian telluridcs belong still awaiu determination, except in the 
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case of Sikkim, where tetradymile, the tcUurtde of bismuth, Bi,Te« 
has been identified. 

At Ac present time copper ores arc Ac chief source of telluri um, 
and it is recovered as an oxide from Ac slimes of Ae electrolytic 
copper refineries, after Aeir selenium contents have been removed. 
The oxide is reduced in crucible furnaces by means of flour and 
borax and the dark grey teltunum cast into 80-lb. ban. 

Tclluriuni, like selcniuni, is used in the vulcanuing of rubber, 
to increase its toughness and abrasive resistance, as well as to 
improve Ae gi^iiy of certain ferrous and non-ferrous alloys, 
l^nute quantities added to cast iron are said to increase its re¬ 
sistance to abrasion and to make it more suitabJe for such purposes 
as car and ge:^ wheels. Small percentages of tellurium added to 
lead augment its strmgA and toughness, as wcU as its resistance to 
htat, vibration and coiraaion. Pipes made of such alloys can, after 
suitable treatmetit, he made one Aiid Ainncr then ordinary lead 
piping and yet possess greater strength. Tellurium-lead, however, 
finds its chief outlets in chemical engineering, as, fw example, in 
pickling-tanks to contain hot sulphuric add. One half of one per 
cent tellurium is reported to double Ae life of lead apparatus m 
sulphuric acid plants. 

Fifteen years ago Ac total anniml world production of tellurium 
is ^ported to have been less than one ton, but by the 1936-9 period 
this had risen tq about 33 tons annually. The United States and 
Canada are Ac chief pr^ucers, Ac fanner giving 5£,!t90 lb. in 
1947 and the latter 33,100 lb. m >948. At Ae end of 1950 Ae 
London price of tdlurium was 143. 4d, per pound. 
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PART III 

MATERIALS USED IN BUILDING 
CONSTRUCTION, CIVIL ENGINEERING, ETC. 









CHAPTER IX 

BUILDING MATERIALS 


BUILDING STONES 

To aupnpt cyen to sujTimariK* our knowledge of Indian huildiog 
\ stone? in a brief eompa?:? is an impossible task and all that can be 
done here is to invito the reader's attention to some of the better- 
I knovm types* The stones used in any partkular area depend 
almost entirely on the type of rock lyio^ nearcit to hand. In the 
cities of the plains, most buildings are usualty built of Locally made 
bricks and coated with stucco^ but in many other? the surroimding 
tracts fumiah supplies of stone when tbese arc requirett for more 
important purposes. 

There are few places in southern India where crystalline rocks 
such as granites, gneisses and chamockites are not available^ and 
they have been used from the time of the bujJders of the prehlstoiiG 
meg^iths onwardsn As a modem example^ granite from Lingam- 
pallij in Hyderabad, wa$ used cAcluaivcly in the consmiction of 
the harbour works at Bombayj while simi W rocks from Munirabad 
and RaJehur^ in the same State, are nf exceptional quality for similar 
heavy civil engineering purposes, according to K, Miraa. Many 
of the older Dravidian temples in the south, architectural works of 
great beauty and noble proportions, are built of sueb crystalline 
rocks, which have also furnished the stone for their carvings, both 
of Statues and scrolls, * the elaborate patterns on which are as sharp 
as when they left the sculptor^s hand? % In recent timet granite 
setts have been c^orted from tonthem India to pave the roads of 
foreign dtics, while today the same rock is cut and polished at a 
laciojy in Bangalore and exported to the United Kingdom for 
monumental and memorial purposes. 

Much of western and centr^ India, Bombay, the Deccan and 
parts of Madhya P^desh are occupied by eruptive lavas, generally 
termed the D^can Trap, which prevail over an area of about 
200,000 square mites. In many localities ihey supply excellent 
building stones, proi^'ided the proper varieti^ are chosen, while the 
Lamcta, or infra-Trappean beds, of Madhya Pradesh yield a good 
ragstone which has bew successfully employed in bridge^buiJding* 
On the olher side of the peninsula, the traps of the Rajmahal Hills 
h^ve been quarried for centuries. They supply Calcutta with 
iftiad metal and have been used in river training works on the Ganga 
(Ganges)- The resietanoc of the Deccan Trap and similax eruptive 
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Tcicks to the ravages oF time lA proved by the fact that the world- 
jamouA caves and rock temples of Ajaqta and EUora^ dating from 
about the eighth century A.D.^ are chiselled out of solid trap. 

Several of the Indian geological formations fomish sandstone 
Euiiable for building and engineering uorks generally, but amongst 
them pride of place must be given to the Vindhyan System^ which 
from the time of Asoka (069-31 b.c^) has, throughout the ccnturicSj 
supplied Incomparable: matEriala in which the craft of the stone* 
cutter and the skill of the architect have left enduring e^epression- 
The Xaimur sandstones of this system are quarried at I>ehri-on-Son, 
in the Shahabad district of Bihar* Further west, at Mirzapurp 
Chunar and elsewhere in Uttar Pradesh^ they have been quarried 
for ages and the stone is well known throughout the Ganga valley 
for its Superb qualities. It is fine-grained and compact, generally 
pale red to grey in colour and extremely durable. It is still widely 
used in the construction of temples, memorials, houses and for 
sculpturing as well as for girder bki-siones in bridgesp flooring and 
coping as well as kerbing and chrnmcliing. Massive^ iadKddual 
beds oficii spread long distances without joints or fissures so that 
very large blocks can be quarried. From the Chunar region Asoka 
is believed to have obtained his pillars, great monoliths weighing 
up to 50 tons which, polished and In&crlbcd with the Emprror^s 
edicts^ were erected at localities often hundreds of miles avray, hear¬ 
ing eloquent tstimony to the ability of those concemed in their 
production p finishing, ^nsport and erection in the Mauryan age* 
Of the magnifleent capital of the Samath pillar which is of the belh 
shaped with four lions above, supporting in their midst a stone 
wheel or dAsTmafhakr^^ the symbol of the law. Sir John MarshalU 
a former Director of Archaeology in India, has written: ^ Both bell 
Md lion* are in an excellent state of preservation and masterpiece* 
in point of both style and technique—the finest carvings, indeed, 
that India ha* yet produced, and unsurpassed, 1 venture to think, 
fay anything gf their kind in the ancient world." The opinion of 
another authority, the late Vincent Smlthp is also worth quoting: 
* The skill of the sione-cuttcr \ he wrote, * may be said to have 
attained perfection. Gigantic shafts of hard sandstone, thirtv or 
forty feet in kngth, were dressed and proportioned with the utrnost 
nicety, receiving a polish which no modem mason knows how to 
impart to his jnatcrid. Enormous aurCacea of the hardest gneiss 
were burnished like mirrors, bricks of buge dinfiensions were sucoess- 
ftdly fired, and the joints of masonry were fitted with extreme 
accuracy*" The richly sculptured Bharul railing, originally around 
a stupa in Nagod, Baghelkhand, and now one of the treasures of the 
Indian Museum in Calcutta, and the stupa built of red sandstone 
blocks, as a segment of a sphere with a diameter of 110 feet at the 
W of the dome, and a height wheti perfect of about 77! feet, at 
Bhopal, t<^ther with Its massive stone railing of mono¬ 
lithic piHais, 11 feet high, and ica four highly omaie gateways each 
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34 feet in height, covered with relief scidptures illustrating the 
Buddhist scriptures, are further noble records of this early age of 
Indian work in Vindhyan sandstones. Jn Madhya Bharat the 
forts, temples and palaces of Gwalior arc constructed of similar 
material. 

* Perhaps the most importan t quarries in India wrote V. BiUl, 
'arc thffiEc in the Upper Bhanders (the uppermnat series in tlie 
Vindhyan S>'sicm), to the south of Bhar^tpur and Rupbas, in 
Rajptitana and Fatehpur Stkri in the Agra diitrict of the United 
Provinces, which have furnished building materialjt since before 
the coramencemenc of the C^tian era to the cities of the adjoining 
plaizu. Portions of the Taj at Agra^ Akbar^s palace at Patelipur 
Sikrij the Jufujrua \lasjid and, it znay be added, many other magni~ 
ficent mosijucs and tombs and generally the grandest and meanest 
bmJdmga m Agra, Delhi and Muttra hai-e dravi-n upon these quar¬ 
ries for their materials/ The historic Mogul buildings of Lahore 
too are buih of the same Vindhyan sandstones transported from 
qu^ics near Bharatpur and Faichpur Sikri. The Atn-i-Akhan^ 
written by Abul Fazl in 1590, refera to the * red stone which is cut 
out of the mountains ofFuitaporc " and used for building purposes, 
and it also mentions the prices at which the Emperor Akbar per¬ 
mitted both rough and dresaed kinds to be sold. Further west in 
Rajasthan, the hills near Jodhpur are capped vritb sandstones of 
Upper Vin^yan age from which* according to T. D. La Touche, 

^ inexhaustible supplies of the most excellent building stone may 
be obtained. The finer beds afford material not only for the w^ails 
of houses, but also for beams to support the ceilings as well as Bags 
for roofing and flooring. The atone is of a soft reddish tini, easily 
Worked and thoroughly duiablcp and is susceptible of the most 
delicate carving. Splendid examples of its arch itect ural capabilities 
may be seen in the old palace and fort at Jodhpur." To come to 
more recent times, the best buildings in Karachi are built of the 
same excellent stone. Thus the Vindhyan S^^iem supplies an 
immense tract in both India and FakJstan, stretching from Bengal 
to the far west, W'ith stone of an unsurpassed quality of which are 
built the finest edifices and cides of the Gangetic ^-aJley, the religious 
memoriaU of the hfauryaji period, the proudest monuments of the 
Mo^l dynasty and, in more modem times, some of the largest 
engineering works of the British administration. 

Other examples of the use of sandstones include those of Gond- 
wana age In restricted areas of Bengal, Bihar^ Orissa, Madhya 
Pradesh and Vindhy-a Pradesh^ Modem buildings on the coal^ 
fields of Bengal and Bihar and the ancient, richly decorated temples 
of Orissa and Chanda are alike constructed from them. As a rule 
they are fairly soft, medium- to coarse-grained, often rather felds- 
pathic stones of grey or pale buff shades^ and though neither so 
pleasing nor so durable as those of Vindhyan age^ are very cheaply 
worked. Sandstones and sandstone-quartzites of the Iron Ore 
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Scries in Slcighbhum arc quarried for local building purposes. 

loQ arc light grey or pale buff stonesp often with a greenish 
tint, which weather vcr>' well and can be used m the most cxptHcd 
pOTidons. Sandstones of Jurassic age are plentiful and cjstemively 
utilized in Kuich. In the coastal regions of the extreme somhp^ 
particularly m the TimnelvcU district, ancient Hindu temples and 
modem Christian churches are constructed of a gritiy, calcaieous 
sandstone of sub-Recent origin. Quartzites of the Alv^rar Group 
arc quarried in AJwar itself and in Ajmer-Merwara, while a 
bedded qu^wite of Dharwarian age has been used in the 
Bhandaru district of Madh>'a Pradesh. 

Perhaps the best-known building material of the calcareous 
group of rocks is the f^ous ‘ Porbandar Stone so much used in 
Bombay and^ other cities. It is a fine-grained ^vhite or bufl" lime^ 
stone consisting chiefly of foimnlnirera] tests cemented by ciaicitc^ 
with a few oolitic granules and mineral fragments. Ii is of aeolian 
origin and is quarried along the western base of the Baida Hills of 
Saurashtra.^ At Aditaniat states B, Cp Roy after a rccenl visits 
Acre are no less than 3^® worked by some 4a parties 

in Ala nnliolitc limestone. They are scattered over an area of 
about one square mile at an elevation of aqfi feet above sea level- 
The limestone band varies from 5 to over 100 feet in thickness and 
15 quarried to a depth of 30 to 40 feet, Aough exceptionally, 

^ at Dhobaj it has been removed to a depth approaching loo feel. 
A railway siding, 5 miles in length, ensures easy transport from 
the quarries which for many years have supplied material for Ac 
Enoniagcs, columirs, balustradcap etc., of public buildings, palaces, 
temples and oAcr important architcetural works^ not only in Sau- 
rashtra and Bombay^ but as far afield as Karachi^ hfadi^^ Calcutta 
and K^goon. Moreover, the waste chippings from Ae quairlea 
are utLliz^ by Ae Associated Cement Compaoies at Pqrbandar 
and by the Tata Chemical Works at MJihapur, Aeir monthly 
needs amounibig to about 5,000 and 6,000 tons respectively. 

The flaggy limestones of the Bhima Scries (probably of Lower 
Vindhy^ age) arc worked for building purposes and for fl^- 
stoncs in the Bijapur district of Bombay and in the adjoining 
Gulbarga disnici of Hyderabad; usually of grey tints, there are 
black varieties which take a fine polish. Gystalltnc bmestoncsi 
of Archaean age are quarried for floorings and for decoraLivc uses 
m Ae Waran^al district of Hyderabad. Shaly Aravalli limestones 
^ utilized in Bundi and Nimbahera limestone in Udaipur, 
Rajasthan. town of Jaisalmer, in Rajasthan, b built of lime- 
sione oy urassic age which is quarried on a large scale in Ae vicinity, 
n Narmada valley Ae coralline limestones of Ae Cretaceous 
gh ^ useful stone. Cretaceous Umestones are also 

yarned for building purposes in some parts of Ae Tiruchirapalli 
1 rjchmcipoly) Astrict of Madras. The Narji LimraiDne, fromAe 
lower part of the second stage of the Kumool Series of south India^ 
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is the principal building toaicrial of the Cuddapah district and is 
also widely employed in the Kumool and Guntur districts of 
Andhra^ The stone b very compact, ext randy fine-grained and 
from blubh-grcy to black in colour. It has been incorporated in 
parti of the bniJdmgs of the University of Madras and is marketed 
not only in the cut and roughly dressed state, but also in a highly 
polished condition in various geometrical shapes for omamentm 
fiooring and table tops. It is interesting to note that the Kumool 
formation of southern India, from which this stone is derived, is 
probably the equivalent in time of the Lower Vindhyan rocks 
further north. A dark bluish limestone of doubiRil Lower Vuidh* 
yan age is won extensively at Sikosa, Drug district, Madhya Pradesh, 
and used for dooring in N'agpur. The Fern Limestones of Guddapah 
age in the Chanda district of the same State are worked at Kandara^ 
Finally! the coral formations which Iringe the Timnelveli and 
Ramanathapuram coasts for some 80 or 90 miles^ and extend into 
the small islands of the Gulf of Marmari are drawn upon for build-^ 
ings in Tuticorin and other places^ 

Turning notv to Pakistan, Baluchistan! In the west, possesses 
vast resources of Upsestonc, much of which is good building stone, 
but it has been but little Quetta, the capital and only city, 

is subject to violent earthquakes and buildings of more than one 
storey are for this reason few* For the predominant single-storied 
buildings brick has proved more convenient, while the humbler 
homes are made of mud or mud-and-gravcl mixtures. The duef 
building stone of die North-West Frontier Province is limestone* 
or its altered derivative marble* a subject discussed in Modicr 
section, but sandstone and quartzite serve the same purpose in some 
places. In the northern and westem parts of the Hazara district 
advantage is taken of the property of the local g^issose granite 
which splits readily into suitable slabs* Triasslc limestone is 
quarried near Abbottabad and furnishes a good* durable stone of 
somewhat sombre colour* The harder courses of the Murree Sand¬ 
stones, in the south of the district, are easily worked and give a 
stone which lasts lairly well. Finely foliated schists are used for 
roofing purposes in some localitieg, as are the more fissiie varIctieA 
of the acid volcanic rocks of the K-araman Rariige in the Mardan 
district* In the Himalayan part of the Punjab, dolomites and 
quartzites, as well as some of the harder Tertiary sandstones of the 
Outer hills, supply good building stoneSi The Purple Sandstone 
at the base of the Salt Range C^brian, and the overlying Mag¬ 
nesian Sandstone, have both given large quimdtics of stone for 
buildings and caxial wwks in the Jhelum distdet* w hile a band of 
pisolitic ironstone at the base of the Nummulitics has been quarried 
for ornamental uses. The remainder of the ^at alluvial plain of 
the Punjab has 10 rely upon brick for buildmg conatmedorL In 
Sind, although Viudhyan sandstones imported from Jodhpur were 
used* togeth^ with a milioUte of ^lanchar age, not unlike the 
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Pqrb^dar Stone, Tertiary limcatones are the principaJ matcriala^ 
^irttor (Eocene) stones are quarried at Sukkur and Rohri for the 
n US barrages as wtU Kotri, Hyderabad and elsewhere for 
general purposes, A whitiah or brownisb-yellow, rather poraus 
.tone from the Eocene Gaj Beds has been employed in 
w lie a fme-gramedj light yeJIowish-hrown Ltmcstonc is won at 
JhiT^ and other localities; of Ranikot (Lower Eocene) agUj it is 
us til ffinny j>art$ of Lower Sind for tombstones and memorials 
^er ^vcS|^ often elaborately carved and engraved with inscrip¬ 
tions m P^um character. In Eastern Paktstan building stones 
are visually non-existent, as also arc suitable materials for road 
mcuU railway ballast concrete aggregate and w forth. The 
l^rtiai7 sandstona of the Chittagong Hill Tracts are too soft and 
casiJy eroded for these purposes, though harder bands may yet 
DC loiind among ihon^ 

r_ cxcludmg the capital Rangoon, there is little demand 

111 ^ mg stone, as domestie archiiecture finds iis almast universal 
ei^r^sjon m wood. This is fortunate^ as the soft Tertiary racks 

Lower Bunna, ’w'eat of the Sittang 
t deficicn I in htiildiog products. Outside thc9c 

regions however, in the district, of Lower Tcnasserim, in those of 
ofMandi^y, and m the Shan States, there 
of many varieties of suitable stone if they are ever 
reqiurtrf. As it is, such masonry work as exists in the towns 
mrougbout the Union, and in the pagodas which are to be found 
evi^ hcr^ US^ brick as its raw material. The civil engineers 

m the Pubbe Worb Depirlineni found that harder bands of the 
^oslones of the Myitkyina, Shwebo, Lower Chindwia 
and rakokku dis^icts served well enough for ^e revetmema and 
abuir^nts of their bridges. Laicrite was also used for the con- 
siniction of cidvcrts and small buildings in those districts of Lower 
hun^ in which it occurs, due care Ixing exercised to see that a 
^ table ^'anety of this inconstant rock was chosen. In the Shan 
atates, harder bands of the Namyau sandstones, of Jurassic aae 
Were suososfully utilized for bridge piers. 

Statistics of India's stone quarrying industry art incomplcle 
thoroughly unsatlsfoctury, for while the output of some of the 
^ger concerns was accurately known in the days of the British 
aom^tratron, the returns from many of the Provinces and States. 
K r regards small and scattered workings, were often 

tue better than guesses on the part oflocal officials who possessed 

ffiev Lumped together, such as 

IS 3 and. at best, 

Braniie ^n^^ ^ estimate. T^c separate items include 

^ikoT latente, lime, limcsionc (including doLomiie)^ 

known ^nrnposiuonwfochfarexceedstheotherain weighf^^.-alue. 


BUILDINO STOKES 


V3 

Using sucti data as arc sivaiJablp, thc! average annna] production 
of granite and gneiss over the decade before the separation of 
P^stan, that Ls from 1937 10 194.6, and meinding the figures for 
Burma up to 1936^ was [,07^,0125 tons^ compared with 1,199,117 
tons per annum over the previous decade, 1927-36, To the former 
total Bihar contributed 41*7 per cent, Madras 34- ij Uttar Ptadesh 
g-a^ thc Punjab S -4 and Ben^ 4^0 per cent, the remainder coming 
from various other regions. For the years 1947-9^ inclusive, thc 
ofricial returns show an average yearly production of only 1473938 
tom, which can but be regarded as a very incomplete return. 

Over thc deeade ending 1946, the annual outturn of sandstone 
amounted to 402,120 tons, compared with a yearly average of 
414,750 tons during thc decade which preceded it. For the first- 
named period (i937'46)r no less than ^-4 per cent of this stone 
came from Rajasthan, Bihar following a poor scrcond with 6 per 
cent, and a number of other States adding to the remainder^ 

Kisic igneous rocks, generally referred to as * trap % are quarried 
mainly in Bombay, a State which was responsible for 73 ■ 5 of thc 
annual average of 464,650 tons for the period 1934-8, while a 
further 25 per cent came from Bihar, Later returns arc too in¬ 
complete for useful comparison 1 hut, m both the cases cited, most 
of the output was probably used as road metal rather than as 
building alone. 

Some vaTictica of latcriic have been mentioned as ores of iron, 
manganese and atuminium; others are used as dressings for un¬ 
metalled roads, while the compact, rerruginous kinds are sometimes 
utilized as building material as they arc easily cut and dressed and 
slowly harden on exposure to the air. No proper records arc kept 
in the various States of the quantities used for each of these separate 
purposesp and in the aggregate they are certainly vay much larger 
than thc selected figures submitted to the coiJcctiqg authorities 
suggest; moreover, even these show extreme variat ions from year 
to year* For thMC reasons they are not sumimrized here* I^terite 
quarrying is of commercial Impcirtancc in Travancore-Cochin, 
^mbay, thc Deccan, Madhya Ptadcah, Orissa (Puri district)^ 
Mysore, Andhra and Madras, especially in the East Godavari dis¬ 
trict of Andhra and the Malabar, South Kanara and Ghingleput 
districts of Madras, as well as in Lower Burma. 

The average rnmual output of * Stone Miscellaneous * from 
Pakistan for the four years ending 1950 was 531,043 tons, but here 
again it may be doubted whether the returns are really complete, 
for Pakistan as %veU as India inherited the same obsolete and 
careless system. 

The statistical basis of this valuable branch of the mineraJ in¬ 
dustry is in urgent niMl of fundamental revision. It is impossible 
to estimate from thc existing returns how much granite or sand* 
■lone, to late but two examples, is really raised, or what proportion 
of either of them reaches the builder or stonemason, or how much 
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is used for road metal or railway ballast; neitber can it be decided 
what quantity of India’s building stones are at present classified 
under the deso-tption * Miscellaneous Materials ^ Without this 
informatii^ the orderly development of the great resourcea 
avaJUbk Is gravely hampered. 


ROAD METAL 

The absence cf atone Erom the laJJuviai plaina and coastal tracts 
not only compelled the use of mud and brkt in building construe* 
lion over w.nde nitons, but also raised many problems when rail¬ 
ways aud, later still, roads capable of bearing heavy motor transport 
had to ^ made aoros ibcim As long as road traffic was Hght and 
conbned to the^I^i and tonga, the bullock-cart and the pack animal, 
road surfaco oiAankitr (gutin) or of nuomiia were good enough and 
imieri^ were generally obtaiuabJe without much cost or 
difficulty. Away from the regions mentioned there are, as a rule, 
plroliful supplies of rocks suitable for road metal, rail-track ballast, 
bndges, river traimng works, concrete aggregate and so forth. 

otiange maten^ have been employed in difficult situations in 
me past: the roads of Calcutta were at one time metalled with 
tierenogWKWus mixtures of stones brought to the port from all parts 
ot the world m ships’ ballast ; ancient copper slags from Dhalbhum 
orm pari of the monoliths in the Xiddcrporc docks; iron ores made 
up part of the Grand Trunk Road as it traverses Bihar; manganese 
ores w^ broken up for railway ballast in Visakhapatnam (Viaaga- 
[au^}; bn^ from prehistoric cities served the same purpose iti 
■ haiixite surfaced some roads in Madh^’a PVadesh, coral 
^ fragments nave been used along the Tuticorin-Pamban coasts, 
Madras, and, in the Prome division of Burma, roads arc soled with 
fossil wood. 


More th^ sixty years ago, the Geological Survey of India 
publishu a list of * Quarry Stones ’ sunmiarizmg such information 
^ w as men available regarding the occurrences in most of the major 
atatts, but It was not until 1934, again at the instance of the Survey, 
uint S5^teimtic teats of road stones were regularly undertaken iu 
India by thfl Government Test Home In AHpor^, To Dr M. S. 
Krishnan, the present Director of the Survey, we owe a compact 
smruuary of the results achieved up to 1935, as well as a concise 
^tement of the practical conclusions to be drawm from them. 

relative merits of the many classes of 
«one amiable for use m Indian climates, and under conditions of 
which differ materially from those of Europe 
JSfer In this summary full details of attrition and 

from 18 quarries in Assam, ti in 
Mri„' ® j ^ Bombay, 50 in Madhya Pradesh, 7 in 

and AndJ^ ag i„ the Punjab and North-VVest Fromic^ Pro- 
t, 13 in Rajasthan and MadhyaBharat andfis in Uttar Pradesh. 
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The best stones for road-making purposes prove to be the 
medium- to finc-graitied* compact, l^ic i^cous rocks wiLh more 
or less equigranular texture. Those varLetiea with micrlocking and 
ophitic atruciures are the best of all, for they can withstand heavy 
traffic, while the powder from their wear and tear acts as a binding 
agent with the lar or bitumen added in the macadamizing process, 
producing a tough, smooth and durable surface^ Over the whole 
area occupied by die Deccan Trap such rocks are available, and, 
further, iti many parts of the country to the south of the Deccan 
they are obtainable from the numerous dolcrite dykes which pene¬ 
trate the crystalline floor in many places^ Certain types of amphi¬ 
bolites and epidioriics, such as those of the Shillong area of Assam, 
the Ranthi and Sambalpur districts of Bihar and Orissa respectively, 
and the Banda district of Uttar Pradesh, are flrst-cLass stones, 
though as they axe derived from basic igneous rocks this is not 
unexpected. The basalts of the Rajmahai Hills which now supply 
the needs of Calcutta axe also excellent stones of their class. 

Among the best of the acid rocks are the granophyres and 
granuUte^ as well as the medium-grained compact gneisses and 
charnockites. The coarser-grained acid rocks are not favoured, 
owing to the tendency of the cleavage of their constituent minerals 
to open up with changes of temperaturcH. Recent Itidian opinion 
recommends fine-grained basic and acid chamockites in preference 
to the banded meissrs among which they often occur in south 
India* All rocks with strongly develops schistose or coatso 
gneissosc structures, as well as markedly porphyritic kinds, are 
liable to be torn apart and crushed under hca^y loads and should 
be avoided. 

Judged from attrition tests alone, quartzites and vein quartz 
stand high in the list, but in actual rndian practice they' have proved 
undesirable owing to their lack of binding properties. Vein quartz 
in particular, though often used by the Public \Vorb Department 
of the past, especially in southern India, owing to its ease of collec¬ 
tion and breal^Ci produces harsh road surfaces, easily dislntcgtatcd 
into ItiQse pieces, the sharp fractured edges of which arc ruinous to 
rubber-tyred transport. Quartzites m^e good paving and curb 
stones, a variety from the Bankura district of Bengal being ex tensive- 
Jy employed for these purposes in CaJentta. 

The Sandstones and grits, with only about one'^thlrd to one- 
quarter the wearing power of the trap rocks, arc used on a lai^e 
scale in many districts of Uttar Prad^h, Madhya Pradesh and the 
Punjab, in drfault of better materials. As their rounded grains are 
easily pulled away from their suooundtog matrix, which as a 
powder also possesses little cementing value, they arc not suitable, 
as a general rulcp for fttsi-clau roads bearing heavy iraffic. 

Limestones, though soft, possess a lavourable feature in the 
natural cementing tendency of their powders- dolomites arc not so 
good in this respect. Mandalay, the chief city of Upper Burma, 
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in iJie dry seasoti used to be plagued with ciauds of ehoking diwt, 
as it 3 tmmi; and odirr tmBic disturbed the powdered dolomite of 
its roads. 

In Western Pakistan as in lodia^ the sainc ^'aried assortment 
of rocks—the best obtainable in the immediate vicinity of the work— 
is utilized. Baluchistan has the somewhat Inaccessible ultrabasic 
icit^sives of Zhob and south Kalat^ the igneous and mrtamorphic 
rocks of the western side of the Khojak range between Chaman and 
NushkJj white lo ^e west of the latter named place, the volcanic 
rocks of the Ohagai district provide first-class road metal and rai 1 way 
ballast. In the Froniicr Province there are the acid volcanic rocks 
of th^aramar range, east of Shahbazghari. in the Mar dan disirlct, 
ihoiigh softer limestones are used at present- In the Hlmala^'an 
region of the Western Punjab, hard rocks of any and every kind 
are often taken from the river beds for road metal and concrete 
aggregates. The absence of stone from Eastern Pakistan is a matter 
of^me concern^ for apart from roads, harbour works* river trainJiig 
schemes and dam projects demand large supplies. 

The del laic districts of the Irra%vaddy are devoid of hard stone 
and the roads of early Rangoon, like those of Calcutta, were metalled 
with materials brought in as ballast by sailing ships. Upwards of 
fifty yea^ ago the then Gov^emment of Burma opened up large 
quarrin jh the Mokpalin area of the Thatun ridge, from which ftne* 
granites supplied the needs of Rangoon^ Insein 
and places. A similar rock was removed in large quantities 
f^a^uk Island, off the Amherst coast, for the Rangoon 
Kiver Traimtjg Scheme- Several varieties of suitable volcanic 
Upper Burma, in the Katha, Sbwebo and Lower 
Lhindwm disirictSj and the lavas of Shin mad Ann g and of Mount 
Popa were quarried for road constmictioti and maintenance. 
Luncstones, often of inferior quality^ are common in eastern Burma, 
^tending from Tenasserim through the Shan States !o the frontier 
™trjcta, while in the absence of better rocks sandstones arc quarried 
m many locaJitics* in the central districts of the dry zone, and 
also in the Arakan di^isioni the harder members of both the Pegu 
and Irrawaddy Scries are worked, though thqr aie only fit m be 
on second- and third-c1as« roads. Laterites are important in 
Burma both for road surfacing and as building materials for light 
stmclures and are so employed in the Hanthawsddy, Prome, 
wd Amherst districts. The quarrying industry in Burma 
a ot small extent and comparatively recent growth, for outside dhe 
large towns wood h universally employed In house-building and 
nwtailtd roads are few and far between. 


BRICK AND TILE CI^YS 

Clays ol^ned from surface rarths^and from the alluvium of 
tJie nver valleys have funushed the raw material for bricks from 
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the time of the architects ofHarappa arkd Mohcnjcxiaro (3500-1500 
B.Cp) to die present day. The prehistoric bricks were kiln-buoit, 
of standard sizes and produced in miUicms* Their quality h such 
that * today trains rumble over a hundred miles of Ime (between 
Multan and Lahore), laid on a secure foundation of thtfd nullcnnium 
brickbats '1 taken from Harappa for track ballast. The clays used 
todayp especially for the sun-dricd or open-humt bricky are often 
ver>* impure* rcsulimg in products of inferior quality^ but the de¬ 
mands of modern cities are met by brick works equipped with 
up-io-date plant and usually situated in their immediate vicinity^ 
Such brick-making was 0 fieri State-controlled; for example^ in 
i 38 ip the largest brick-held in India was situated at Akra near 
Calcutta. Tt was the property of the Government^ with an out^ 
turn of 30 to 30 million, bricks annually, which were supplied to the 
consuming departments at fixed rates and to the outside user at 
somewhat higher ones. Similarly^ for a number of years the biggest 
brick-field In BuruLa, again owned by the Corernmenlp Lay just 
outside Rangoon, where clays of Irrawaddian age were excavated 
mechanically and moohme-made bricks produced in great numbers. 

The raw material of the numerous brickworks which exist 
today up and down the HooghJy and along its channeU comes fiom 
the older argillaceous deposits of the river itself* or from the fresh 
silts of the floexi seasons, often collected in troughs specially designed 
for the purpose* Bricks* roofing tiles, of both the fiat and locking 
patterns^ hollow building bricks for internal walls and tcrritcotu 
wares of various descriptions, are aH made on a Large scale for the 
local marketSp There are no statistics of thb important clay-using 
industry though It is knpvvoi that the total annual output is very 
large. 

The tile industiy' of the West Coast* started by the Basel Mission 
about 10a years ago* at Mangalore, and using the clays of the 
Netravaii river* gradualiy spread as suitable silts came to be found 
in the Gurpur and other rivers and backw'aters, until it now extends 
along much of the Malabar Coast and further inland. Its chief 
centres* besides Mangalore, arc around Calicut, where the Beypore 
river deposits supply the raw materials, Palghat and other places^ 
By 1933 there were 5a tile-works in operation under the Indian 
Factories Act alone* and by 1930 this number had incressed to yfi 
factories^ many of them equipi^ with modem mixing mills* presses* 
driers and continuous kilns* Locked tiles of the Marseilles pattern 
are a speciality of Malabar, but bricks, pipes and other products 
ore also made- A steady local demand exists and the tiles* which 
are of excellent quality, finish and appearance* are familiar objects 
in aouthem India* Bombay^ Ceylon and Burma; in addition a large 
export trade has been built up with Malaya, Kenya and Australia* 

The average number of tiles exported to foreign countries from 
the Madras Stale, annually^ over the five years cndtng 1931*3* was 
valued at Rs 4 i 54 i 3 ® 5 j formed over 99 per cent of 
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ladia^i total exports of such goods. In addition to thb, there was 
a coastwbe trade amduntiug to an annual average of 39^^41016% 
dies and ISU 1644^59. No further detalb of the foreign tr^e are 
available until the quinquennJitl period ending 1949*50^ when the 
aniuial average bad risen to 22,103,009 tiles and the value to 
Rs 3340^795- The figures for the coastwise trade are no longer 
classihed separately. Thus, thou^ the statistical history of the 
trade is unsatisfactory and incomplete, sufficient b known of k to 
demonstrate how much can be done with such a common mineral 
as clay, provided high standards are set and maintained and every 
advantage taken of new technical det^elopmcnts as they appear. 
It is an encouraging example to ocher branches of Indians ccramie 
and refractory' industries. 

A somewhat bigger^ red, vitreous, locMjig-patlem roofing tile 
is made on a large scale at the Durgapur brick and tile works of 
Sum & Co. Ltdj founded in i goOj on the Raniganj coalScld^ To¬ 
day these works can produce 50^000 tiles a day, and are stated to 
be the only ones in India manufacturing vitreous tiles and bricks 
from clays with the low vitrification point of under tOOO* C. The 
clays themselves are red, white or crcam-colonrai varieties included 
in the sandstones of the Durgapur Beds of the Raniganj coalfield and 
are of post-Fanchet age. It been suggestedi however* that tbcLr 
upjw horiMns may be related to the laterites of the neighbourhoods 
B»des roofing and flooring tiles and similar products, machine- 
made* wire-cut, engineering brkks arc made from these Durgapur 
eLays+ Such \^triiied, non-porous bricks are employed m situations 
where great mechanical strength and accurate dimensions are 
required i thus they go miQ the foundations of large buildings, floor-^ 
ings and so on i millions of such bricks have been used In the coH'* 
struetjon of Indians iron and steel works and other heavy industrial 
undertakings. Acid-proof bricks are also made at the same works. 

Facing bricks have to be uniform in shape, size and colour and 
should also possess unusual strength and weather redstance^ By 
making use of mixtures of various clays, Bum & Co* and the Bengal 
Firebrick Syndicate of Kulti turn out blue facing bricks equal in 
every way to the well-known Staffordshire blue brick. An example 
of their use may be seen in the King George V docks at Calcutta* 
Terracotta facing bricks for ornamental purposes are also made 
from the Burgapur clays and they decorate many of the older 
buildings in C^cutta* 

Ericks and tiles are made from argillaceous alluvium at many 
other centres m India and Pakistan, and while their products do 
not compete* as a rule, with those of Malabar and Bengal, they 
Suffice to satis^ local demands in other regions. Complete lists of 
^ch works are not available, but, as examples* those of Kanpur 
In Uttar Pradesh, Eagra in Madhya Pradesh, Rajahmundry in 
Andhra and Jeypore in Orissa may be mentioncdh At the Jeypore 
works roofing and flooring tilcs^ vitrified bricks, drain-pipes* 
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vases, flowerpots and terrajqoita wares are made from mixtures of 
alluvial clays with residual ^-nrieiics derived from the weathering of 
chamocidics^ 

The following table illustrates the compositiou of some typical 
clays of low fusibility used m brick rnanufr^turg. 


COMPOSITIONS OF CLAYS OF LOW FUSIBILITY 


Locwjnf 

SlIUCA 

Am - 

1 D 3 «A 

Ferjuc 

OxiDS 

Luce 

Mao- 

NESA 1 

A1.1C&1 J 

Urn ' 

Autho 

mrv 


Racigatij,. 



2 - 4 + 


0^44 

0-27 

16 

Bais 

Dur^nir 

61-70 

I 22-89 

6'6i 

O'M 

D-62 

] -20 

6-52 


JlblUpur .. 

60-56 

27*52 

1^44 

0-65 

! 

0-14 

0^60 

9-33 

it 


SLATES 

Slates are quarried at many places in the outer Himalayas of 
Kumaun, Garhwal, Kangta and Chamba, and good rooEng mater- 
iala are obtainable locally for tlie hiU towns and villages. The 
slates of the Dhauladhar Range were known to be of flnt-rate 
quality as early as iSbOj and, according to H, B. Medlicott, the 
^ility of the material is all that need be desired; moreover, it 
dresses easily and can be procured in ample si2C3i It is an almost 
pure siliceous rock of pale grey colour, but, at the same tlmCj. not 
soi 6ne in its minute texture as the welHoiowii Welsh slate and 
accordingly not applicable for some of the purposes for which the 
latter is used. The quarries of the Kang^ Valley Slate Go, Ltd 
are at Kunyara m the Dharamiala district of the East Punjab* 
D. P, Chandoke published an aocoiuit of slate quarrying in this reg¬ 
ion in 1933, and states that the rocks concerned are members of the 
Ghail formation. The slates are grey or grccnish^cy in colour^ 
of a siliceous character, and yield fairly good roofing materials* 
Their attractive tint does not lade e\'eii after long exposure and 
they possess no mineral constituenis which weather easily* Slate 
quarries are also in active operation near Fandoh and in the 
Chichot tahsii of the Nlandi district of Himachal Pradesh. 

Attock slates have been worked in the Nowshcra tahsii of the 
Peshaw^ar district of Pakistan for the past 30 years, for use as roofing 
and flooring materials, as well as for the falls of urigation canals, 
but they do not split easily into thin slabs of even thickness. 

The Ajabgarh scries of rocks which lies at the top of the Delhi 
System of Ptirana age, in north-east Rajasthan and adjoining arcai^ 
yields slates which arc quarried in the vicinity of Rewari, Gurgaon 
district, East Punjab. A, M, Heron states that they arc really 
hardened shales rather than true slates, furthermore, there are 
frequently thin films of iron oxide along the bedding pl^es, which 
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render the difficult to tnJl arid cause them to wear imcvenlTf, 
but the Kangra VaJley Slate Co, Ltd hai worked an excellent baud 
at Kund in this district since 1867, which is Free from this defect 
and gives smooth, fissile, single-coloured and even-textured slabt^ 
and From them slato of all sixes dowTi to one-slxteeuth of an Inch 
m thickness arc said to be obtainable, ^^any other marketable 
varieties of slate are made here in addition to roofing materials, 
including electrical switchboards, cable-tops, shelves^ flooring slabs, 
school slaica and blackboards. In addition to the Company men¬ 
tioned, a number of smalicr concerns operate state quarries in the 
vicinity of 

Within the sedimentary roclti of Archaean age In Bihar slates 
arc common enough, but they arc usually too soft and brittle to be 
usefuL An exception exists in the Kharakpur hills of the Motigh>T 
district, where slates have been known since the middle of the 
nineteenth century and were probably worked on an extensive 
scale much earlier. The rock is a slightly metamorphosed phyllite, 
probably of Dharwarlan age, which is readily fissile along its lamina¬ 
tion planes. It is quarried nowadays in the neighbourhood of 
Dharlmra^ and while it docs not give the best varieties of roofing 
ilates, fine slabs are obtainable which have iheir special roofing 
uses, as well as flooring squares, switchboard slabs and chiidren^s 
slates^ A certain amount of slaie quarrying has also been done in 
Stngbbhiun, to the south-east of Bhitar Dari and near Buhuta. 

The manufacture of school slates was first started in [9>iB, at 
Markapur in the Kumool district of Andhra, and of the soo or 
to small lattorics now at work in India producing these artlcleSj 
some 150 of them arc located in this district, the main centres being 
at Markapur, Gumbuirt and Gajjalakonda^ where the Guddapah 
formation contains good slaty bands. This particular slatobcaring 
belt of the Kumool and Nellore districts of Andhra extends from 
Chinnaobanayanipalle, about five mdes east-south-east ofCumbunw 
in Kumool, to beyond Anantavaram in the Markapur taluk of the 
same district, and thence across the Vcnkatagiri area of NcUore 
district, a total distance of more chan 34 miles, with a width of 2 
miles. Certain bands at Markapur yield large slabs of high-grade 
date suitable for electrical wofIl 

Siafe maker? in the Bijawar district of Bombay obtain their 
suppli^ of stone from quarries at Hcnemnari and Kaladgi, where 
there arc rocks of the same age and character as the Cuddapahs of 
Andhra. Many other occurrences, of slate have been noted firom 
time to time in other parts of India and Pakistan^ and in various 
geological divisions 01 the older sedimentary rocksp such as the 
Champancr Beds of Earoda and the BIjawar System of central 
India. Noteworthy are the black slates of Mohri Dor, In the Gul- 
marg hills of Kashmir; the phylUtic varieties l^of the older Palaeozoic 
rocks of the Banlhal neighbourhood, also in Kashmir; the outcrops 
along the Aglar valley in Tehri Garhwal, and those of the ChltcLi 
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neighbourhood in die Almora dbbrici of Kiimauni the amwth^ 
easily splitting slates of the YeUandu taJuk, Hyderabadj and the 
abundant examples in the Axial roeka of the Naga Hills of AssanL 

The manu^ture of slate pencils was started in this country at 
PipUa, in the former state of Gwalior, and in Mysore, about 1^30* 
i^cading thence to Markapur and other plates in the Kumool 
district of Andhra a few years later. The second world war stim¬ 
ulated the growth of the slate and slate pencil industry in India, 
■D that loday not Only are mterml needs satished but an export 
trade has been established with Ceylon, Burma, Malaya and South 
Airica+ The present estimated annual production is of the order 
of crores of school slates and so crorea of slate pencils. 

Such statist!^ of slate quarrying as arc available show that for 
the decade ending in 1938, the average annual production was 
about 10,CTO tons. By 1949, this had doubled to ^0,333 tom, 
valued at Rs 9,76,3^0, and of this total 60-4 per cent from 
the quarries in the Bast Punjab, 12-7 from those of Andhra, ii-6 
icom Bombay, 7 * 8 from Bihar, 6^6per cent from HimachAi Pradesh 
and the remainder from Madhya Bharat, 

LIMESTONES 

Limestones are the chief tepzesentativcs of the great group of 
calcareous rocks and consist chiefly of calcium carbonate, which in 
the pure, crystalline condition forms the rhomhohedral mineral, 
calcite, or its orthorhombic variety, aragonite, both of which have 
the same chemical eompositionp GaCO^. Ciy'stals of calcite of 
extreme pmity and transparency are knowri as Icclaiid Spar, and 
their strong double refraction is utilized to obtain polarized Light 
by means of the Nicol prisms of petrological micrcHCopes, colori* 
meieis, photometers, saccharometers and other optical instnunexits. 
Limestones, however, are seldom pure and usually contain sandy, 
argillaceous and ferruginous constituents. Magnesium carbonate 
too is oflen present^ generally m the form of the double carbonate, 
dolomite, CaCOj.MgCOj, and Limestones containing apprisciable 
quantities of this compound mixed with the oldtc are Imown as 
dotomitic limestones. Limestones that have been metamorphosedp 
cither dynamically or by contact with igneous intrusionsj become 
highly ctystalline, lose traces of their organic origin, and are 
then reTerred to as rnarbles. 

Other varieties to be included here are chalk, marl, knnkor and 
tula. Chalk b a wbite, extremely fine^tamed Limestone, some^ 
times quite soA and friable, at other times hard and compact. Hard 
chalk has the same applications as other limestones in the mami* 
lacture of lirae and of Portland cement. The whiter varieties are 
very pure and contain from 9610 98 per cent of caldiim carbonate j 
they arc Largely composed of the micitHCopically small remains of 
foraminifera and broken shelly fragments. Chalk ts one of the 
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sources of whitings a term which is also applied to finely pulverized 
white limestonCp or marble, and to lime* In India whiting is 
made by crushing suitable varieties of Porbandar Stone and of the 
Marble Rocks of Jabalpur, Madhya Pkad«h| which arc then 
marketed as extenders for the paint trade and as fillers for textile^, 
paper^ rubber^ soap and toilet powders. Other special uses of 
cb^ include putty making and writing materials in the form of 
white and coloured crayons j it also enters into the composition of 
some fertilizersj into some ceramic mixtures, on aca^oiint of its 
fluxing properties, and into many other chemical and Induslri^ 
processes- Chalk, in the form of whiting, is a colour wash of uni¬ 
versal use and is the basis of the distempers, calcimines and water 
paints. The purest kinds are termed Paris White in the colour 
trade. Whiting Is also made in India by emshing calcite obtained 
from Veins of hydro-thermal origin in the DoCcaa Trap of Nawa- 
nagar and Porbandar in Saurashtra wbence over lo^ooo tons 
have been won since 1945* The production for the three ye^ 
1950-!^ was i,86q, t, 445 and 52,609 rapcctivdy. The veins 
m^e and break, ramify and coalesce agaiui so that in places they 
can be traced intermittcatly for miles but the^^rkings do not 
extend much more than 10 to ao feet below the The best- 

known localities are in Nawanagar where tfiJ^Kosits of the 
Panchkoshi, Khambaila, Lalpur, Kalawad, Vand^Tand K^yab- 
ptir taluks in Halar district are worked by the Jainngar Minerals 
Development Syndicate* An average of three anal wb of the clean 
crude mineral shows calcium carbonate 96 "49^ n^^nesiiim car¬ 
bonate S' 59 j combined oxides of aluminium and ferric iron O' 3^ 
and silica O730 per cent. After sorting into the three qualities of 
* beat white", ‘ white" and " grey-white \ the mineral ii ground 
to aoo-300 me^b in a Raymond fine roller null at Jamnagar and 
marketed as whiting in Ifcmbay, Calcutta and other dtic^, where 
it Is doubtlcH employed for one or other of the purpo^ already 
mentioned. Calcite is also worked near Ingorala in Amrdii 
and Ratngadh in Jungadh* while numerous t^mrcnccs have 
been recorded in the Gir Forest and at Bhctakadi and Bapodar In 
Porbandar by S* Krishnaswamy, who also thinks that some of the 
Ramgadh veins might yield small amounts of crystals transparent 
enou^ for optical purposca. The mineral is also quarried in the 
Anantapur district of Andhra and in Jaipur and Udaipur in 
Rajasth^* 

Marl is a term which has been used to Lodude many kinds of 
day containidg carbonate of lime, hut it should be reserved for 
those in which the calcareous matter ranges from ao to 50 per c^ent. 
Marly limestones arc often termed marktoncs. 

The word kaeW originally described any form of gravely whether 
the rock fragments of which it was compost were rounded or not* 
but its meaning is now restricted, at any rate amoogst Indian gcfr 
logistt and civil engiDcm, to those imall, irregular concretions of 
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jarbonate o f Umc* which are jQ_>^dc^rgajd throughout the surface 
deposits of In di^/jparts oTl^akiitaji aiid some n^ons m the dry 
zone of Burma. Tnc cominonest Ibrms are s maU ^ imcven nodules, 
from half an inch to three or four inchca in diameter, composed of 
iairly compact carboimtc of eddum withiop and a mixture of this 
compotintl with clay on the ou^ide. More massive va He ties fre* 

a uently fill cracks and arc found occasionally as ill-defined beds in 
ic older alluvium. Such block kank^ has been employed as a 
building stone and was used^ for itistanee^ m connexton with the 
Ganga canal works. 

Closely related to kstiksf are the Jti^vcr tLnes or edcareous tdhs 
found m or near streams in the suWdimibyan "rc^on and eUe- 
where, in localities where the watem cany much carbonate of lime 
in Mlntion. Large blixks of this material of pale grey or dirty 
white colours may then choke the streambeds, or form the matrii 
of recent conglonveratcs, the pebbles of which have been brought 
down by the streams themselves. In the karstic regions of the Shan 
States of Burma such deposits are very prevalent, often forming 
dams or natural weirs, from a few inches to six feet or more in height, 
extending ac r^ even large rivers from bank to bank, and as level 
along their though built by human agency^ Scarped cLifrs 

and predpic^Hr limestone are often festooned with thick curtains 
of travertincl^nd where conditions have ^cn favourable such 
m^es may ^end completely acroas dc^ gorges and form natural 
bridga^ simjH to the one which carries the railway viaduct at 
Gokteik, beWeen Maymyo and Lashio, In the hilly regions 
throughout India, such tufa deposits, though only of timited extent 
as far as total tonnage goes, are a convement and common source 
of raw material for the local lime kilns. 

When limestone is heated to temperaturts of Boo* to lOOO* C., 
in kilns from which its released carbon dioxide can the 

oxide, CaO, or quicklime, is obtained in the form of hard white 
lumps. ^ When heated very strcmgly, as with an oxyhydrogen blow¬ 
pipe, it incandesces and glows with an intense white li^t, a property 
utilized in forms of * hmeli^t ^ illmuination. Pure limestones on 
calcination yield a rich or * fat * lime, which should only contain 
abou t 5 per cent of extraneous matter; impure limestones give a 
poor or ^ lean * Hme, which may contain from to to 30 per cent of 
rorcign substances^ Quicklime is a very reactive substance and 
has a great afiSruty for water, of winch it can alnorb about one* 
quarter of its own weight, a process ajccompanied by the evoludoti 
of heat and the breaking down of the original lumps into a white^ 
amorphous powder, calcium hydroxide or slaked lime* Ga{OH)j, 
This, made into a thicks plastic paste with sand and water^ is the 
common morlar of die builder which sets on exposure to the air by 
loss of vraier, and gradually hardens through the absorpdon of 
carbon dioxide from the atmosphere with the formation of calcium 
carbonate once more. Other cyp^ of mortar are made by adding 
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varying qiLajiiiii-cs of crmrnt to the Limc'^^an.d-waicr mbcturc^ 
Sand-lImc bricks this $otx of composition^ Plas ters used for 

walls and ceilings are mixtures of Ume paste^ sand and hair. 

Hydnmlic limes are made by burning impure clayey limcston® 
which contain enoi^h silica and alumina lo form unstable calciiun 
silicates and aluminates^ at the same time leaving sufEcient un* 
combined lime present to permit of slaking. Such limes have the 
property of setting under water and becoming very hard In a few 
days. Limes made Grom kxinkar often possess propertica* 

Portland Cement Is discussed separately^ and here it is only 
necessary to mention that it is made by roasting intimate mixtures 
of limestone (or chalk) and clay in long^ sloping, slowly rotating 
cylindrical furnaces. 

limestone and dolomite are the chief Euxing agents in the 
smelting ofiron ores and enter into many other metallurgica) opera- 
tions» such as the dolomite Linings of convertors and furnaces In 
which steel is made by the basic proccaa. 

Lime has a fund^ental role In agricu lture horticulture 
and the liming of land Is one of the oldest jziediodj orimptoving the 
soil; It renders clayey soils more friable and easier to work, besides 
promoting drainage; loose;, sandy ones more compact and better 
able to cany crops in dry weather. It accelerates the decomp^i' 
don of both organic and inorganic substances by chemical action 
and in so doing liberates plant foods; it checks plant diseases and 
Is Injurious to soil pests; it neutmiizjca the acidity of sour soils and 
so improves their yielding poster* 

Many Industries require large quantities of lime, including those 
coneem^ in paper-inakhig, leather-tarmlng^ glass manulkcture 
and sugar-rcLfru^g. It Is employed in the manufacture of bleach¬ 
ing powder, caustic soda, and sodium carbonate, In water-softening 
and in the pTeparation of Galcium carbide^ CaG,, from which the 
fertilizers c^cium cyanamide, GaCN|^ and nitrolinij a mixture of 
carbon and calcium cyanamide, are made. Another well-known 
fertilizer, nicrochalk. Is a mixture of ammonium nitrate and rhalk^ 
It has b™ said that there ts virtually no chemical process wherein 
lime is not used at some stage, cither directly or in the manufacture 
of the reagents themselves. 

Calcium itself is a soft, silvery while metal obtained by the 
vacuum reduction of lime with aluminium or silicon, or by the 
electrolysis of its fused chloride. It has (he low density of 1 
oxidizes in moist air, reacts with water* liberadng hydro™, and 
must be stored in moisture-proof containers. One pound of calcium 
poduces about p cubic fret of hydrogen from water. It is marketed 
m the form of 4^ lb. wi ingots, too lb* cast billets* and as extruded 
idclcs. It is employed to reduce refractory metallic oocidcs sudi as 
those of chro mniiTT * thorium, uraniump titanium, vanadium and 
zirconium; to dehydrate absolute alcohol, ethylene glycol, petrol- 
exun fractloziSj etc.; to desulphurize petroleum j to purify argon and 
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heliimii and to remove the last traces of oxyigea and nJtrogvm from 
vacuum systems. Calcium is used in metallurgy as a dcoxididrig^ 
daulphurlzing and degassifyiiig agent of steely copper^ nickel and 
the non-rerroua alloys^ diotigh in the case of high-g^e stccU, eal- 
cium silicidCj made in the electric furnace &om niixtiiTes of caJdiiKi 
caibidcj quaria and coke^ is preferred. Calcium forms alloys with 
many other metals: lead alloys^ for instance^ containing only from 
O' t to 0^4 per cent of caJeium are used for cable sheaths^ bearing 
metals and the plates of accumulators. The adthtioii of only 1 
per cent of calcium into the lead of such storage batteries produces 
an alloy equivalent to the 9 per cent antimony alloy, which, morc^ 
over^ is more reabianc to ^ulphatiotii has an ckctrioal conductivity 
some 20 per cent higher and retains its charge longer. For most 
of these details regarding the metal itself we have to ihank Dominion 
Magnesium Ltd, of Ontario, Canada, manulacturers of calcium 1 
barium and strontiumH 

Other important salts of caicimn arc gypsum, calcium sulphate^ 
CaSO|; fluorite, calcium fluoride^ GaF,; apatite, a fiuorphosphate, 
jCajF^Oi.CaFi^or CaClt) and the fertilizer * superphosphate all 
of which are dealt with separately. Calcium chloride, CaCl^, is 
a valued drying agent in chemical laboratories,, is us^ in civil 
engineering as a road stabiliacr and as an early setting agent in 
concrete mixes. Calcium bisulphite, Ca(HSOi)|, is extensively 
employed for dissolving the lignin of wood pulp in the manufacture 
of paper. 

Limestones are present in most of the geological formatians of 
India, Wat Pakistan and Burraaj chough in some of them they are 
rare and in others impure and only of poor gradcp ^ They range in 
age from the marbles of the pre-Cumbrian crystalline rocks to the 
kankarsj travertines and coral reels under active formation today, 
but the largest supplies are to be found in the Cuddapah, Vindhyan 
and Tertiary Systems. From a regional point of view 
Bihar, Andhra^ the Uttar, Vindhya and Madhya Pradeshas and 
Hyderabad possess great rcsourca; Weatem Paiisiari is favoured 
with practically unlimited reserva of many kinds, and while the 
lower Irrawaddy valley of Burma is deficient, limestones abound 
in the hilly regions O'f Tenasserimj Karenm and the Shan States 
to the east and north- j t - 

The average animal recorded production of limestone, dolomite 
and for the whole of undivided India increased from 

tons, valued at Rs 5043,000, over the period to ^7,688,000 

tons, valued at Rs i,tb,g7,GC» tm the three years ending 1946. 
Over the quinquennium ending in the same year, 194^^ 
last complete year before separation took place, the annual produce 
tion avoraged 6,729,000 tons, of which limestone accounted for 
4,263,000 tons, or 63*7 per cent; k^mka^ 2,359^000 tons or 35 per 
cent I and dolomite 87,000 tons^ or t '3 per cent-^ Over 96 per cent 
of the kankar was dug in Uttar Pradesh where it is widely used as 



3^^ BUlLDtHO HATERlAt.4 

a road dresLngj the raaRinder coming from the Punjab, Rajasthan 
and Mysore. More than g|0 per cent of the doloDiitc was quarried 
Lo what were at that Cinifi the Eastern States. The distribution of 
tons of limestone was as follows, the figures being 
given in thouiands of tons and percentages of the total: Bihar, floS 
(ifi-S); Eastern States, 807 (i&-8); Punjab 563 {13-6); Central 
^“Vinces 48a (11-3); Assam 386 (9-0); Sind 360 (8-4); Madias, 

{®*5}S Gwalior 87 (2*0); Hyderabad 
00 •6j i Central India 51 (j *aj, with, the rcmaindci in smallff 

MysD^ United Provinces and Bombay, Since 
me division of India in 19471 the average annual production of 
and dolonuie, over the three years ending 1949^ 
c*' Indian Union alone, totalled 4,630,000 tons, valued at 
^ **®3 t® 7 j 39®> of which limestone accounted for 3,797,318 tons, 
or a [ ■ 6 per cent; kmkar, 788,654 tons or 17 per cent, and dolomite 
04,^ tons or t -4 per cent. Some idea of the present distribution 
01 umcstotie production can be gained from an analysis of the 
jnioduction total of 4,101,467 tons quarried in 1949: to this quantity 
percentage contribution of the various States was as follows; 

cent, Bihar 18-7, Madhya Pradesh 17-6, Madras 
^ Madhya Bharat 3*0, Hyderabad 4*9, Vindhya 

rradesn 3*1 and Saurashtra a-6 per cent, with the remamder 
dftwn in smaller amounts from the Eastern Punjab States, Rajas^ 
than, Uttar Pradcah, Mysore, Bombay, West Bengal, Ajmer* 
Merwara and As sam The returns for 1949 also include the produc* 
tion of 40,539 tons of lime, tnore than half of which was made in 
Assam and most of the renuunder in Madras mcluding Andhra and 
Madhya Pradesh. In Paldstan, ewer the four years ending 1950, the 
average annua] production of limestone was 351,400 tons, valui^ at 
S:95»>3S, and of this 57*2 per cent was contributed by the West 
Punjab and 42'8 per cent by Sind. 

In view of the greatly increased demands for li m e s t o ne by post- 
w developments in irrigatioii, hydro-electric schemes andin- 
diBtrial projccu generally, the Geological Survey of India has of 
late yean made special investigations into the limestone resources 
of the country, with tlie result that voinmiiiDus records now exist 
as regards both their quantity and quality. It is impoaible even 
to sunu^ie th(* adequately in the space available here, but it is 
hoped that the following notes on the more important occuirences, 
together with others given under Dolouite and Cejcemt will 
convey ^ acc^c general Imprtasion of this important mineral 
cot^odity. They arc arranged in the order of production of the 
various States for 1949, given in the previous paragraph. 

Qjmmcncmg with the limestones of Orissa, as they supply moat 
of the country s rcqiuipncnts at die present time, they me band* 
overlying the dolomita of the Birmitrapur Stage 
Qfthe WMdle Dharwanan, Gangpur Scries, in the district of SunSr- 
garh. I hear marble zones are found in both the northern and 
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noutlicm limbs of a great antidlnoriunii dfsacribed in further det^ 
under DoLOKrTE, and have been worked at many places in ibe 
southern limb lying within short dUtajicjcs of the Betig;d-Nagpur 
railwayp which convemciitly runs more or less parallel to it. From 
1898 until about 192a, Bisra on this railway was the most important 
Lime-making centre in Indian obtaining its supplies of raw stone 
from the southern limb^ but activiiica were then transferr^ to 
Birmitrapur on the northern limb^ where, as Dr M. S* Krishnan'i 
ducidadon of the geological atructuTGr of this complicated region 
has shown, the Limestone {and doidmiic] bands are of greater width 
than eisewhere, except in the folds at the eastern end of the and^ 
clinorium, where, however, the marble rone Is greatly disturbed. 
The reserves of limestone arc very largCi and in the Binnitiapur 
area alone Dr Kruhnan, tn 1937* eadmated that some ^7! milUon 
tons of first-grade rock, fit for metallurgical pur^osc^, and fi0| 
million tons of second quality^ suitable for Lizne-maJ^g, were avail¬ 
able. The leading producen arc the Bisra Slone Lime Co. Ltd* at 
Biimitrapur, whose quarries are quipped to handle tons 

daily, and there are 16 bme kilns with a daily capacity of some aao 
tons of lime. The great bulk of the output is, however, railed to 
Jamshedpur and elsewhere for use as a flux in the iron and steel 
industry. There arc of course many oth(x localities, on extcnsioni of 
these two zonesp where limestones of similar qualities have been 
investigated. The long belt of limestone at Lanjibema on the 
southern limb near Rajgangpur Is now quarried for Portland c ernen t 
manulactUTe. Outside the Gangpur area limestones of Gud^p^ 
age are known at numerous places in the Sambalpurdistnct, ihouj^ 
as a ndc they are fiomewhat argillacetjus* siliceous or doLomitic, but 
in the Koraput district there are some bedded deposits of better 
grade materia] of the same geological age, near the Sabarai river, 
iome three miles w^t of ICoitametta. . ^ 

Bihar is the second largest Umestoue-producing State and there 
is a reference to the quarric# at Rohtasgarh, in Sludiabad, as early 
as 1847; in i'Sb9 there was a brisk trade in the Ume made m this 
neighbourhood, which was brought by boats down the Son rn^ 
and thence to the towns up and down the Ganga (Gan^). The 
welMmown Rohlas Limestone forms the topmost stage of the Stnm 
Series, of the Vindhy-an System, cropping out aloog the Iclt 
of the Son, in the lower slopes of the Knimur ^rp from Vm^ya 
Pradesh in the west, throu^ Mirmpur mto Shaha^. In Bih^ 
alone the length of ils outcrop is over 45 milesp and it is extcmively 
quarried for cement manufacture from Chunhattar m the 
where it has a minimum thicknes of 500 feet, to Ramdhira-on-Son 
in the cast. The Rohtas Stage as a whole contains alternating 
bands of Eairly pure and less pm^ luncsioncs, logeth^ with cal-^ 
careous shales and shales of normal types. The horizons of the 
best limestones lie between 250 and 5™ 

Stage, mid these may contain from So to 95 per cent of calcium 
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artH for ccmcat maiitifacturie at KhaLaii^ in Palamau. Tiic 
Kolhan Series of Suii^btium contains a ILmcstojic tonCt imme- 
dSately overlying its biaJ sandsEOne^ which Is of variable thickness 
and quality (tip to a maximuin of 40 feetj. It has been quarried 
ainte 1947 near Chaibasa by the A^ociat^ Cement Co. Ltd^ and 
is traceable for about 30 miles Irtnn Ghaiha&a to Jagannathpur^ 
The limestones of Gondwana age occurring within the Lower 
Panchets^ neai- Bagbmara in Manbhmn^ though used long ago as 
dux-stones at the KuJti iron works, arc of little econouiic importance 
today. 

The limestone production of Madhya Fradeib now approaches 
closely to that of Bihar, and, as in that State, the greater proportion 
is derived from strata of Vindhyan age. In the Jabatpnr district 
limestone quarrying has been an established industry of the Katni- 
Murwara area since and there are important workingi at 

Tikaria, where the Vindhymi limestone^ an: capped by lateritc and 
fuJlen' earth, at Tiknri, at Murwara itself^ where the upper lime- 
■tone bed contains two separate high-grade bands, 15 and 9 feet 
thick respectively, and in the Jt^chi^Kaimur region^ east of 
which the limestones extend into Rewa of Vlndhya Ptadish, aloug 
the base of the Kaimur scarp. The quarries of the As3«lated 
Cement Co. Ltd, all of which are in the Semri Series of the 
dhyans, are situated at Barapara, Khalwara, Mehgaon, Katni and 
Kyinore. The Lamcta Scries comprises limcstoues, sandstones and 
shales of freshwater origin which are foimd below the Deccan Trap 
at numerous local lues in the Nagpur^ AmraotL and Chanda districts, 
but they arc very variable in composition and usually contain cherty 
segregations; along the outer Ghikalda range, however, between 
Bclkhcr and Bairam Ghat, in Amraoti, they arc locally pure enough 
to be burnt for lime. In Chanda district, the Vindhyan lunratonct 
appear again, a fairly accessible outcrop being at Kandara, six 
miles north of Warora; they belong to high-grade type^ often ydth 
only 3 per cent of insoluble matter and t to a per cent of combmEd 
alii min a and ferric oxide^ Limestones of Cuddapali age are of 
importance in the eastern districts of Madhya Fr^esh, and have 
been traced as discontinuous ouicrops for a distance of So mda, 
between Barondha and Sukhri, in the Raipur-Drug region. P. K* 
Chattetjee estimated reserves of nearly ai million tons at a num^ 
of iocalLties «amlncd by hiin in Drug, with a further lyj milU<m 
tom in Raipur district. These stones are, as a rule, low in magnesia 
and high in insoluble contents, suitable for cement maniifacture 
but of iiitle use as metalluTgical fluxes. Similar rocks occur in 
Bilaspur bemeen iDarrabhata, on the western bank of the Hasdo 
river, and Akalmm, where they are extensively quarried. 
large quantities are available* the Mohtara locality alone having 
some 10 million tons of gpewj flux-stonep The quarries of the Tata 
Iron & Steel Co. Ltd, which hare supplied limestone for the 
Jamshedpur works since 1919^ are at B^aduar. The insoluble 
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cotitcntf of this variety avcrag)e about S pa- cent. In the castcrii 
part of Nandgaon, which lies to ihe west of the Drug district similar 
gently dipping limestonca stretch for nearly 30 miles between 
Khaiewfi. and Aijuni, and the reserves both here and In other 
Localities must be very considerable. In the Berar region^ in the 
south-west comer of Madhya P^diah, there arc limestone beds of 
wide in the Wun tahsii of the Ycot^ district, extend^ to 

the south'ea^ across the Fengan;^ river into the Adilabad district 
of Hyderabad, but while some of these are low m magnesia, others 
arc disdnedy dolomitic, ranging In pbees into true dolomites, as 
On the summit of Gowarl Hill. 
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In Andhra and Madras crystalline limestones of Archaean age 
arc known in the districts ofYisakhapatnam, Ndlorc, Timchirapaliii 
Salem, Coimbatore (where they are utilized by the cement works at 
^.ladukkaral), Madurai (where they have been used as road metal}, 
Ramanathapuram and TiruncIvclL At Tabuyuttu, in the last- 
named district, thisy contain about i ■ 2 per cent silica, O’ 3 per cent 
combined alumina and ferric oxide, 1^ 2 per cent magnesb and over 

g per cent lime, and are being taken lor cement manulacture by 
dia Cements Ltd. Some of the crystalline limestones of tfac^ 
parts of southern India are of a doLomitic character. The Naiji 
Lirnesioncs are w^ell dtmbyed on both sides of the Krishna river, 
in the Palnad region of Guntur, and in the Jagga^^peta-Mutyab 
area of the Krishna district. In the former they arc quarried at 
Sitararnpuram by the Associated Cement Co, Ltd, while the Andhra 
Cement Go. Lid has quarries at Nadiknde and KesanapalLi, as well 
as at Ravirala and Jayantipumm in Krishna^ Oni^ide the Icas^ 
of these concerns there arcp according to M, Rao, another 17 
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milliDn tons available around Fidugurala alone, m Guntur^ The 
Najj] Limestone, typically a fine-grained grey or buff atone, ties 
lowards the base of the Kumool Series, ItseLT overlying the Cud- 
dapah System, and p^ibly the equivaJenU of the Lower Vindh^^ans 
of central India- The VempaLie Lhrtestone of Lower Cuddapah 
age cxLcnds m a wide arc, from i to 4 miles wide^ for o\'er 175 milesi 
across the Cuddapah and Kumool districtSp from near Cnddapah 
town to the neighbourhood of Betamcherlaf though much of tt is 
of a doloTTutic eharaeter. The Naiji Unicatones follow a straJghter 
trend from a point near Cuddapah, north-west across the two dis^ 
tricts, through Danganapalle to die Tungahhadra river and beyond i 
the rtserves of good cement-tnahing limestones are practically' 
unlimited, amoimtlng to 640^milhon tons in the Kamaiapuram 
taluk and 5,000 million tons in the Jaimrudarnadugu tnjuk of 
Cuddapah district; 5,000 miLlioa tans in the KoiJkuntla, 660 
million tons in the BanganapalLc, 450 miUinn tons m the Dhone, 
1,250 miMioFn ions in &e Kumool and 77a million tons in the 
Nandlkotkur taluk of the Kumool dlstriqt^ according to B, 

S. Dutt. Other limestones of younger age than the Kaiji slonei 
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thuiigh stiU within the Kumool Scries, also occur Lfi these same 
ie;gion5. The Vcmpallc Limestond arc found a^ain in the nAnanta* 
pur district, where, also, the calcarcoiii shales and hitercalaicd 
Limestoaes of the C 3 ie>'air Group have given rise to much 
and tufa, with an average content of 38-85 per cent lime and &*46 
per cent magnesia, over a bell of country some 2 miles wide and 
25 miles long, passing through &ayalachcmvm These tufas are 
exploited for chemi^ marvul^turc^ SheUy and ;^illaceous 
limestones of Cretaceous age occur in Pondicherry^ parts of South 
Arcot, and in the Tiruchirapalli dislrict where they are actively 
worked both by the Govemment of Madras and by various con- 
cents* including the Dalmia Cement Co. Ltdp in the Laj^di and 
Perambalur tahiks. It remains to mention the inter-Trappean 
limestones utilized m East and West Godavari for locial lime-bum- 
ing, the sub^Rccent shelly beds of Rameswaram and recent shells 
of ^e Pulicat Lake in NcUore and of the river beds of hiar^alorCp 
and Recent coral reels in the isles of the Gulf of ^lanaar, uied for 
the same purpose. 

In the northern portion of Madhya Bharat the rocks of the 
Vindhyan System are again available, particularly where the 
Bhandcr Limestones of its uppermost serica me worked at Rai Laras 
and Semai for cement^maklng. The Nimbahera Limestones are 
also extensively developed In Mandasor but thc^ are usually rather 
siliceous^ while othors of Archaean, Bijawar* mfra-^Trappean and 
mter-Trappean ages occur In Nimar, Dhar and Jhabua districts- 
The Kumool limestones of Andhra, as well 2^ those of the 
underlying Cuddapah System, cross the northern boundary of the 
State into the Alampur taluk of the Raichnr district of southern 
Hyderabad, whence they extend for 150 miles along the north bank 
of the KrUkna, the Cuddapah cxpcMurcs being continued to the 
cast again by the limestones of the Talnad. The latter are especially 
prevalent in the Waxuabad^Medlachcruvu region nf the Nalgonda 
district and have been found suitable for cement manuDictuire. 
West of the capital, the Bhima limcslones emerge from bdow the 
Deccan Trap in the valleys of the Bldnaa and K^na rivers. They 
are probably the equivalents of the Kumool^ limestones, occupy 
an area of over 6oq square miles and are quarried about Shahabad, 
in Gulbarga district, both for flooring, roofing and general cun- 
struciional materials, as well as for cement manuiacture. In the 
belt of Furana rocks comprising the Penganga and PakhaJ Scries 
which extends for 200 inil« from north-west lo south-east, acrOM the 
tiarth-eastcm part of Hyderabad, parallel to the Penganga-Wardha- 
Ptanhlta-Godavari rivers^ there are many limestone horizons. 

In Vindhya Pradesh, limestone supplies are derived from both 
the Bhauder Suge of the Upper Vindhyiins and from the Rohtas 
Stage of the lowra' pan of the sime System. Quanyiog is an old- 
established industry in the hlaihar region, whm the Bhandcr 
Limeatonrs art exposed over an area of about 370 square miles- 
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Other Dtitcrops ^ist around Satnaj and the same fnirnatLosi ejctendi 
westv^'ards for another 3^ nwlcs into Sohawal and "The 

Rohtas limestones lie along the southern foot of the Kaimnr scarp 
from Biatara to the east of Churhat, a distance of g 6 miles. 

The sub-Recent * Porbandar Stoned which derives its name 
from the port from which it is shipped io Bombay and other places, 
a Ibncstonc of high purity, is ihc principal calcareous product of 
Saurashtra. It is oompt^ chiefly of the tests of foraminifera 
cemented together by caJeite and is quarried at Aditania^ Bharw-ada 
and BakharU for building stone, chemical production and the 
manulhcture of Portland cements Similar miliolitc limestones 
have been quarried in the ZaJawad district of Wadhan and occur 
also at Bardia, in Junagadh, Amreli and Babriawad. Recent coral 
limestones of the margm of the Ohiiamandcl (an enclave of Bombay 
in Saurashtra) coast are used by Tata Chemicals Ltd at Mithapur^ 
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Praddlij PorbaxKlsr and Juoagadh in Satimihurai- 


In tht Eaatem Punjab, lunestones occur m the outearmmt fringn 
of the sub-Himalayas in both Ambala and Papala. One 
cxxturrence, a band of almost vertical, iru^ive limcstone^^ 50 feet 
thick, ii exposed ou the Eastern Ghaggar river jiut bomre it 
the hills near Jutipur, whence St has bccu traced w about^mm 
miles. To the south*e3st of Kalka, intennittenily Utweea Malta 
and Sherla, there are siinitar deposits of good^uaUty ^ 

estimated reserves of which, according to M- R. Sahiu and B. R, (i 
Iyengar, are of the order of s6 million tons. Limestones of a gciod 
grade have also been recorded by G. N. Dutt, in the pre^Tcrtrary 
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sequence Rt Dabsu, Narayangarh iahsUt Ambaia dijtiict. The 
Malla qiiajrLes of the Associated Cement COk Ltd have bf:eii In 
operation iiiice 1939 and thedr pioduct ts said to be a very compact, 
thinly bedded, grey to black Limtstone of the Subathu Series^ of 
Eocene age. 

Althou^ the celebrated Makrana marble of Jodhpur yields an 
excellent Lime ^hen biimt| the most important source^ of lime in 
Rajasthan arCj as elsewhcrcj to be found in the limestones of the 
Vindhyan System, particularly in those of the Nimbahcra groupj 
between Cbitor m Udaipur and Nimbahcra itself, in Tonk^ of the 
Bhander Series on the Vindhyan plateau about Lakheri^ in Bundil 
and of the great spread of limestones to the west of the Arivalli 
range. Many of the Nhubahera Limestones are low In calcium 
oxide, but certain bands occurring between Juliai and Mailo, andp 
again, bchs'ccn Nimana and DeoH and extending over a total 
length of ao miles, with a thickness of aoo and 250 feet, nhen show 
insoluble contents below 16 per cent, lime about 43 per cent and 
magnesia within per cent. From Lakheri, where the Bhander 
Limestone Is quarried on a large scale both for lime-buming and 
cement manu&cturej its outcrop has been traced to the neighbour^ 
hood of Bundi, a distance of 37 miles. Further to the south-east, 
however* where the same limestone bands occur in the Mukandwara 
hills of Kotah for a distance of about 34 miles, they are highly 
magnesian. In Jodhpur, Vindh^^n limestonea arc obtainable in 
any quantities near Sojat and Gotan. The quarries of the Gotan 
Lime Syndicate were opened in 1933 and now support a large and 
thriving industry. Gotan lime with a content of 97^3 per cent 
calcium oxide, i 'i4 msoluble material, 0^33 combined almruiia 
and ferric oxide and o* 90 per cent magnesia, is used extensit.tjly in 
many parts of India. 

The zone of the Rohtas limestone exposed in the lower slopes 
of the Kaimur escarpment, on the northern side of the Son vaSeyv 
crosses the Miixapur district of Uttar Pradesh through Silpi and 
Rawihari, a distanre of ahout So miles. In the eastern section of 
the zone, described as the most promisinf^ lh>m the point of view 
of cement ntanufacturc, individual l»n£, states Mulrti Nath, are 
from loO to 3M feet thick and traceable for distaaecs of 50 to 55 
milm. Extensive reserves of ccnicni^^rade stotie are known to exist 
between Marlnuidi and Pataudh. Part, of the Kajrahat Lime¬ 
stone, which belongs to the Basal Stage tsf tlie Semri Scries, have 
been found to be of high grade near Kotah on the Kanhar In the 
outer Himalayas ofthe north-^«t of the State, limestones of cement 
™de occur abundantly m the valleys of the Tons, Amlawa and 
Jamiiiia nvers and to the south and wtat of Ghakrata, Acain, in 
the hiUy country- south and west ofMussoorie, a band of micro- 
crystalline marble of great pun^ has been followed at interv^ for 
5i miles, and t^tains m a mimmum 34 naiUion tons. Limestonei 
low in magnesia but high m iihca occur abundantly in numaoia 
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Localities, and particularly north and east of Lansdovvne and near 
Dogadda and Manjhola* Several good tufa deposits occur in the 
Naini Tal and Di^ra Dun neightwurhoods, while marls touts, 
usually less than 4 feet in thickness^ exist in shallow depressions 
under thin navm ofalluvium in the districts of Barabanld, Lucknow^ 
Rae Bareli and Unao*^ 

Archaean crystalline limestones and especially those of the 
Shimoga^ Chitaldrug, Tumicur and Mysore districts, supply the 
needs of Mysore, Certain occurrences in the Hoadurga. and Vobla- 
pur areas of Chitaldrug and Tumkur, respectively, are known to 
cantain about 50 million tons of stone, averaging 3 to 4 per cent 
of silicBj 4^ per cent of Ume and 2^8 per cent of magnesia. The 
flux-stones used in the Mysore Iron Sc Sicel Works come from 
quarries at Bhadlgundp 1$ miles cast of Bhadravatl^ while the Itme^ 
stones for the cement works are drawn from the same neighlKiiur* 
hood. Both crystalline limestones and dolomites often give rise to 
rich deposits of tufa and k^ar in the districts already named. 
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Limestones of PAJtiSTAja 
Hie vMt allirvial plain which constitutes the greater pari of 
Pakistan contains no ILmcstoncSj and its only cement works, situated 
at Ghhatak, draw their supplies from the Khasi Hills of Assamj a 
State of the Indian Republic: in siriking contrast art the cmnable 
resources of Wesi Pakistan where unlimited quantities of limestone 
are available In the northern Punjab^ die North-W«t Frontier 
Province and widespread regions of Baluchistan and Sind. In the 
Salt Range region of the Punjab three separate horizoru are con¬ 
cerned, namely, the thick limestones and marls associated with the 
Eocene Nummulitic rocks, the Upper Jurassic Luncstoiica^ and the 
Middle Productus Limeatones of Permian age. The whiter light-grey 
and yellowish nodular and bedded limestones of the Eocene m of 
great extent; it Is indeed possible to walk from the vicinity of 
Baghanwala, in Jhelum distrietj westwards and north-wca^'ari^ 
along the Range, for about i lO milcs^ almost witbont stepping off 
the outcrop of these ^ Sakesar" Limestones, as they are called, and 
this by no means marks their total limits. They thicken to the 
westT^^ard, &om about igo feet near Ara to 250 feet at Dandot^ to 
600 at Sakesar and to 700 at Nammal, being about Goo feel thick 
as they disappear near Jaba, in ^lianwall district. These thicl^ 
nesses inclu^ certain underlying calcareous shales and a second 
limestone band* the Nammal Limestone. All these rocks overhe 
the Dandot coal-bearing horizon, but beneath it another thick lime¬ 
stone (the Khairabad Limstone} occurs. Thin or absent in di^ 
east of the Range, varying In thickness in the middle section^ it 
increases rapidly in a wesicrly direction and attains over 1,000 feet 
east of E>aud KheL As a general but not universal nile* these 
Eocene limestones cap the scarp of the range or lie on the top <jf 
plateau behind it and many of the stones average from ^5 to over 
98 per cent of calcium carbonate. The fine-texiured, light gr^yp 
rather flaggy limestones of the Upper Jurassic are only found in the 
western section of the Salt Range, and arc economically important 
in the Mianwali district alone. They vary in thickness from about 
^o to too feel- The limestones of the Middle Productus Stage 
occur within the scarp slop« of the Salt Range from Katha west¬ 
wards to near Daud Khd^ a distance of approximately 65 miles* 
They are hard, massive, light to dark grey rocks, vary foastUferoi^ 
at certain horirtm. They rapidly thi^cn to at least ^oo feet and 
cover very wide areas between Nali and Salcesar and further 
around Chhidru. In the Nammal gorge they are 450 to 500 fret 
thick and are quarried for budding stones and ballast near the rail¬ 
heads of Warcha Mandi and Sanwans. Though they include some 
partially dolomiUzed varietiesj a very large proportion of ihc 
Is of good quality* All three groups of Umestonca, with much the 
same qualities, appear again in the trani-Indus Salt Rauge^ 
of Nummulitie and juraasic age in regular outcrops of appreciably 



LIMESTONES 


339 


— 

greater thickness t^n before, as far south as Miiha KataJt and 

'rhe Middle Productus gToup occurs in 
?r K of Kaiabj^h and in those of the north-west 

^ eontinuoiisly over a distance of more 

^dn 30 milts, and once more near the foot of the southern steeo 

^aiso thick Upper Ju^ic li^tones higher up ihe slopes. Tlic 
great plat^u of the Potwar lies behind the sSt Ran^ on its 

foot-hills of the Himalavas, 
J^ton« build pronunent hilly outcrops. They include UpW 
linroionta in the KnJaChkta Ran^andSghbouringhdE 
togc^cr mth great mlicr^ ot Niunmuliiic limesti^K; which croo 
np t^ou^ the surroundii^g StwaJik strata and the aJJnvitim ■ in 

“ore southern areas tdr^y 
are available in patiei^ 
^ a N Wadia and G. de P. Cotter. At Wah. a SS^ 
TaxiJa and Hasaan Abdal. ay miles north-west of RawS- 
!h ^ quarried by the Punjab Portland 

NmnmuJiiic limestones just mentioned continue 
the Potwar into the Kohat district of the NorUi- 
Ke ^ extensively develop, Sfd 

teiTitory to the north of Kohat, Jurassic JimesSi are 
r Some accou^tt of the 

^ Siven on another page, and 
nr^ b«n described as ^exceedingly rich in d^i^Tf 
intone of varying degrees of purity they have not as’m b«n 

S s?- ^'“2tone is bumt^ ^ 

in the limestones collected 

the Dcra Isi^nch^^' *?■ “ the Shirani country of 

whichv:^' ^district; of the Danian Dunghan Lima^e 
Ouetta **^^^i^* hog-backed hills east of the Hamai route to 

!i.».o™rs'uS 

Many of these an- nFfl the Janj^ Plant Beds, also m Waziristan. 
ment Goulson’s state- 
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bcfldcd^ darker grey limestone of Liassic a^e. They are die leading 
featntes of the orographyp as huge, anticlinal bulges from which the 
overling strata have bwn denuded away^ so that there are tisually 
rings of less lofty ridges surroundiiig them, built up in their turn 
by compact, hard» regularly bedded limes tonesp of much smaller 
aggregate thickness and of Lo’^vrr Cretaceous age* They arc dear 
white or red in colour and contrast curiously with the dark tinge 
of ihe great iimeatone masses which they encircle* The massivie 
limestones found dose to Quetta and in the region lo the cast of ii^ 
and which appear again in the SuLaiman Range and in the Zhob 
valley, arc probably abo of Lo^s-cir Cretaceous age- The Jurassic 
limestones build up tu'O principaJ groups of hills—the first occupies 
nearly the whole width of Sarawan, from the netghbcjurbood of 
the Quetta region, southwards and south-wesiwards until il is con¬ 
cealed b>' overlying deposits to the south-west of Xalat; the second 
occupies nearly the whole breadth of Jhalawan from east to west 
about Zari and Bhagw^ina. Here it divides inio two principal 
branches, one of which striker south-west through Nal and jebri 
for some 6o miles or so before disappearing below Tertiary rocks 
towards Wasar, the other striking to the south cowards Khoezdar 
and Wad and contmuing east of the Porali rivet and the Las Bela 
plain, almoat to the sea coasts a distance of over 190 miles. 
tending diagonally from north-east »o south-w^st across southern 
Sarawan and tiorihcm Jhalawan, and wedged in^ as it were, bo 
twem their anticlinal Limestone bulges already mentioned, is a 
loft^-^ plateau of limestones of yet another age. 1 1 consists of Eocene 
roc^ in the shape of an elevated synclln^ trough surrounded by 
a slightly raised rim. Its edges arc tall aragg>' Limestone 
with an underscarp of shaLy beds. * The massive limestone form¬ 
ing this immex^ plateau writes E. W* Vredenburg, * is a num- 
mulide limestone of white or palc-buffp or pale-grey colour, be¬ 
longing to the Series described in the publications of the Geological 
Survey of India as Upper Khirthar or as Spintangi.* To tbe east 
and north-cast of this great plateau the same Umestone forms other 
scarp^ rid^ striking a few degr™ cast of north; in the latter 
direcuon it is still i,QOO feet thick in the Bolan Pass, south-east of 
Quetta, beyond which it is to be found again in the mountain aic 
which curves to the south-east throngh the Marri and Bughti 
countiy, but^ on the eastern Bank of the arc, to the north of the 
Sham plain and thence to the Sulaiman lUnge, it ts only represented 
by a few bands not more than m or 30 feet thick. The ridges on 
the east of the plateau continue 10 the south and into the Rmrthar 
Range, which, rising to heights of over 6,000 feet, fornu much of the 
boundary between Baluchistan western SinL It is composed 
of \tast thicknesses of IVummubtic timestonCj ^ further reinfoToed by 
an enormoiis ma^ of overlying limestones^ whi te or brown in colour, 
of Ollgocene age, constituting part of the Narl Series of Indian 
geologicaJ nomenclature ^ Again, throughout the whole length 
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of tbb part of Baluchutan and rorraing the western margin of the 
cucarram r^on as a whole, from Gi^ and Nal (o the nortlicrn 
edge of the Las Beta plain, the ranges consist of very great ihick- 
noses of these same massive Nari Limestonis. 

The CTcater part of Sind is an alJuvial plain deposited by the 
titers of the Indus, and its limestone rescmrces are to be found in 
the ranges Which lie to the west of the river. The Nummulitic 
limestone forma the crest of the Khirthar Range which bounds the 
plain of Upper Sind on the west, for a distance of apprarimatelv 
1 la nnlte as f^ as the latitude of Sehwan, and then continues to 
the south-east for a further distance of 70 odd miles. In the south- 
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weatem portioQ of Lower Sirtd there arc several sub-paraUct rao^ei 
of bills with broad undulating pJama bctwwi them] of sLurpIc 
geologicftl structure they aic^ as a rule^ asymmetrical auticJincs id 
the centres of which the Nummulidc limestones have been exposed 
by denudaLion, and so it comes to be found building the higher 
parts of the laLhi Rangc^ which cornmences near Sehw^an and 
extends south wards for abKiut miles ^ in the Bhit Range^ south¬ 
west of the Manchor Lake, and in smaller ridges^ incLuding 

one extending for some so ^uth of the Baron river. This 

limestone varies in thickness Irom a few hundred feet in Low'cr 
Sind, to about i ,000 or 1 paoo feet at the Gaj river and probably 
to 2:pOOO or even 5,000 feet farther north. It is a pale while or 
gre>', or* less fiequcntly, a dork grey stone varying much in texture^ 
horn a hard|. close, homogeneous material br-caMog with a con- 
choldal fracture to a soft, coarse and open variety. In plates these 
rocks are underlain by members of the Ranikot Scries^ while above 
them usually come the Nari and the Gaj Beds, the whole sequence 
varying in age from the Eocene to the Miocene and each member 
of it being in some part or other a repository of limestones of eco¬ 
nomic importance^ Thus, towards top of the Rajukot Series 
there are often extensive limestone bands, while in some localities 
the Lower Nari Beds consist abnost entirely of brown UinestoneSt 
fame hundreds of feet thick; resting upon the Nari Beds throughout 
Sind are the Gaj Beds—nearly 1,500 feet thick in their type section 
in the Ga] valley, and sometimti cndridy made up of Innestoacs. 
A very lai^e area of such beds occurs to the north and north-cast 
of Kofachi, consisting for the most part of horizontal or low dipping, 
pde oqlouTcd limestones. It is hardly necessary to add that sup 
plies of lime are abundant throughout Sind almost wherever rocks 
occur. Nkit Rohri on the Indus in Upper Sind^ there is an excep 
dona! occurrence, for a range of low hills rises from the sturounding 
alluNrium and extends for over 40 miles to the south into Khmrpur. 
It b mainly composed of Nummulidc limestone and b the source 
of the raw' materiai for the Sind cement works, 

LmuTONES OP Burma 

Ciystalline llmesttmes of Archaean age arc abundant hi the 
frontier dbtriets of Piitao, Myitkyina and Bhamo, and in the Jade 
Mines Tract of Myitkyina there are many exposures of metamor¬ 
phosed Cretaceous limestones, examples of which are burnt for 
lime at Komaing. Limestones of this age also occur in the first 
dcElc of the Irravraddy belwetm Namd and Hionbo, but they arc 
of greater extent in the second defile of the river where they form 
the narrow's at cither end, os well p the high cliffs about its middle. 
Ptoceeduig farther south, crystalline limestones are common ixi the 
Ruby Mmes subdivision of Katha dbtrict, while JtanJtar is spread 
over a wddc area on the surface of Irrawiildian rocks in the Mu 
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valley of where it used to be collect^ for ballast and semi- 

pucJca rood mcifd at Thanbop Magyidon^ HaJiu and Tlia^-aing. 
Among the vast spreads of dolomite sn the Shan States there are 
occasional exposures of high-grade Fcrmo-Carbonifcious timesioues 
—dark bluej grey or black reeks which break with a conchoIdaJ 
fraciurcj often forming outlying cnasses or capping ridges and knoLLs, 
with their precipitous walls rising high above the general level of 
the plateau around. Argillaceous Limestones of Ordovician and 
Silurian t>pes have also been mapped in this region. Bands of 
homogeneous, very compaet, fine-grained limestoncp of no great 
thickness^ but often individuaLly persistent for miles, occur amongst 
the Jurassic sandstones of the Noitfiem Shan States and have been 
quarried by the Burma Corporation for use as fluxes in lead-smelting 
operations at Nam Tuh The Plateau Limestones of the Northern 
States descend to the level of the Irrawaddy plains to the north-east 
and east of Mandalay, and continue southiivards into Kyaukse dis« 
irict wb€!re they have been metamorphosed by granitic intrusions 
into banded grey and white marblesj extensively quarried in bygone 
tunes. Mandalay Hill itself is mainl y composed of crystaJline lime^ 
ttones which were worked by the Public Works Department of the 
British administration, while the Sagyin Hills of the Sagaingdiatrict, 
on the right bank of the Irrawaddy, opposite Mand^ay, are to a 
great went built up of marble, used ^th as a source of statuary 
material and of Umc, Ume is also made from Plateau Limestone 
at Tonbo, near the foot of the Shan Hills, and at Zebingyi, on the 
steep ascent to the plateau from Hmcstoncs of Silurian and Garboni- 
ftrons ages. At tfe base of the Shan scarps in the Yamethin dU- 
frici, crystalline limestones are quarried and burnt near Sbanzu, 
for use locally as whitewash for pagodas but mainly for the sugar 
l^tory at Zeyawadi, near Toungoo. To the south and south-east 
of the Yaraethin and Toungoo districts there arc wide expanses of 
Plateau LJmestone both in the Sonthem Shan States and in Karenni. 
NummuJitic limestones in * considerable beds * are reported from 
the hilh to the east of the Myittha river, between Kyaukpyank and 
Indin in the Upper Chindwin district. Ncverihclcsa, limestones 
of ccotiomic importance are of rare occurrence in the Tcrdary rocks 
oi central Burma, though at Maukthayet, in the Lower Chindwia 
nistrict, lenticular dcpwJts in Pegu clays are extracted and burnt 
on the spot* Thb product formerly found a ready market over a 
wi e region in Upper Bunna* Disconnected exposurea of lime^ 
s on^ mtet^aicd with shales and sandstones of Eocene age, arc 
to De seen m the western pam of the Minbu and Thayetmyo dis- 
UJCts among the foot-hilU of the eastern hank of the Arakart Yoma. 
n Lime Hilb near Thayetmyo itself, there are Oliiroccne 
Larncstonm which ^ burnt for lime and aUo mipply t& raw 
matenaJ for Burma^s onlv cement works. 

siunablj of Ternary age, occur here and there close \o the c^t 



344 


BU11.PINO materials 


of the Saadoway district, from Taungup southwards to G^va. 
Further south siitlp at Baiimi^ on a tidal creek of the Bassein coaatp 
there is an occurreiice tlescribcd by W, Theobald as of cxhaxtsiicss 
<]iiatitityr exccllenit ^uahty and easy acce^ Jor largC| coasiinnf 
Again, to the south of the Thamandeu^h creek^ stiJl in 
the Ba^sein distnet, Nummufitic luitcstones crop out for a dhtance 
of about 2 miles; regarding them W. T. Blanford wrote: * The 
quantity is inexhausiibk, ^e quality good and the access (by water) 
tJmcsiones of simiiar quality are plentiful in Ramree fsland 
off the coast of Xy^ukpyu. In Tenasacrim, limestones, doubtless 
a conimuauon of Lhosc which occupy so much of the Southern Shan 
htato and Karenm, are known to occur in the Papun d istrict. The 
Amherst dis^ict is largely plain country, but traversing the plains, 
more or less irom north to souUi, until they^ converge in the Mahiwe 
“ subdivision, the Tavoy district and the King^ 
dom of lhaiJand meet, are three continiious irmgcs of hills which 
separate the t^tai tract from the Ataran valley, form the divide 
UtM^en It and the Haungthra. and build the Da^-na range between 
the Haungthia and the Taungym, a river which for much of ici 
purse IS the boundary between Burma and Thailand. It is in the 
broad valleys between these ridges that the well-knotvii Moulmein 
^mestoncs come to the surfece, cither as expanses of rock protrud- 
mg a fiiw feet out of tim soil, or a, the loft>- and vextlt^-sided, 
^tellaicd imd piimacled hill* so distinctive of this Permt^Carboni- 
lerotM fortoauDn. It Is generally a creamy or bluc'crcy rock of 
imjHive s^cture, sometimes bedded and occaaiorially with inter- 
s^tifications of calcareous shalo. The welUtnowti caves of the 
Moulmcin neighbourhood are in this formation. To dw cast of 
the Dawna Range, in the Kawkaneik subdivkion of north-east 
Amherst, the Kamakala Limestone, of doubtful Triajsic age forms 
the cores of the main hiU ranges, easily recognizable from ^ar by 
the rug^ proves to which it gives rise. It is a hard, greykh rock 
of a subi^tallmc dimeter, frequently cotitaiiung networks of 
calcitc veidets. Rao Bahadur Setu Rama Rao. to whom we owe 
most of our knowledge of its groiogy, lias described three rones of 
these Motilrnem Limestones m the Mergui district The firsL only 
^ce»iblc from the s« « «posed in wideJy separated and isolated 
islands of the Mcrgui^chi^lago, stretching from High Rocks off 
Tavoy Is and thrau^thc Marble Isles and Turret Islands to St 
^tthews Island, ca'V'cs on some of these islands are the 

homes of the swifts whow nesu arc a delicacy of Chinese cuisine and 
a source of revenue to the auihonties. The second limestone zone 
^verses the eastern part of the dis^trict, starting as a range of pr^ 

the Klong Thampra,TtribuLry 

r*”" Tenassmm river and continue on its western 
side to the limestone ndges of Kymktaung and Tharabwin, and 
thence northwards to a point west of Pawut. The third ziJne is 
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almost parallel to this, and its bcs^t-known e^iq> 05 urcs arc near the 
confluence of the Bcluacklian and Khuhtaokhan streams with the 
Tenasserim river. 
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CEMENT 

Almost al] the cementing materials employed in building con- 
Ktruction and civil engineering am made by calcinatiafi of mifietals 
composed whollyp or m great part, of the natural compounds of 
calcium. The varying compositions of these minerals and the 
tneatiiicnt to which they are subjected determine the properties of 
their roasted products, and so give rise to their division into the 
three main groups of the limfi^, plasters and cements. They all 
possess cementing properties, but by common usage the word 
* cement ^ is applied only to the last of the three groups. In the 
ease of the first two groups, the power of hardening, or ^ setting \ 
depends upon the replacement of some consEiEuent which has been 
expelled by heat^ as in the cases of quicklime and plaster of Paris. 
In the third group, the setting is a result of chemical action between 
unstable compounds formed horn the original minerals at high 
temperatures. The term * hydraulic * means that the lime or 
cement to which it is applied has the power of becoming hard under 
waicr^ Hydraulic Umes made from argillaceous limcsEones have 
been defined under L^s^ESTO^rES; manu&ctured at one time on a 
large scale from such materials as septaria from the London Clay, 
or calcareous nodules from the shales of the Lias, they have been 
largely superseded by Portland cement, a stronger and more 
reliable product. The preparation and properties of such natural 
eements wci^ certainly known centuries ago in southern India, 
where remains of masonry dams eixist in which the cementing 
mor^ has been much leas worn by the combined solvent and 
fricdo^nol action of the water th^ the brickwork embedded in it. 
This is not smprising when it is remembered ihat the common 
carbonate of lime, the k^nkar or of the Indian plains, contains 
as a rule sufBcient argillaceous matter to endow lime made from 
it with hydraulic properties. The only modem cement worb m 
















34^ BUfLDlJiO MATERIALS 

ttic^ Ln.d.ii2 of todAy nunufactufiiig' a. * imtufui ccinciit * meg. guti^ 
^ its prlncipaL raw material. The anciEnt Romans prepared a 
h>ndmulic cement from volcanic tufiT which occun at PozmoIi, near 
Naplrap u^d the " pozzolana ^ is still used for mixtures of lime 
With nncly pulverized tuHsp volcanic scoria and even blast-^furtiJice 
which form cementing; maicnaJs without subsequent calcina^ 
Uom According to J* B. Auden^ po2:zolanic materials arc likely 
to be subsututed m the foture for part of the cement now^ consumed 
in mass concrete work^ such as that involved in the construction 
of Large damSj as pozzoLana-Fortland cement mixtures produce a 
s^ng concrete with great saving in the amount of cement used. 
He ^ds that in Muth India it has long been the practice to add 
mrkt^ Of crushed bnek^ to cement, and it is probable that this may 
as a pozzolana rather ^ merely as an inert constituent. 
P^la^ have b«n defined by F. M. Lea aa ' materUb 

wmch, though not cemenUUDiu m themjKlws, contain constituent* 
which at Mdinaiir' temperatures wiU combine with lime iti the 
pr^ce of water to form compounds which have a Itiw solubility 
POSSUM cemcntiog properties In the United States one of 
the pozaol^e maten^ m common use is pumice, and it has been 
suggBted that crushed ash beds in the Deccan Trap, crushed cherty 

By reduction ofi« content ofuncombined lime, hydraulic cement 
mto PortlaiKl cemen^ a material first made by Aspdin of 
Lecd^ 181^ and so called from its resemblance in colourto the 
welLknown Pwtl^d Stone. It was later made by burning suitable 
mtsttuna of ch^ and estuarme muds from the Thames and Med- 
W'ay, and the first true Portland cennenE manufactured in India 
v™ maifc m Calcutta from chalk imported as ballast in sailinjr 
ships Md mud from the Hoogly river. It is manulachired today 
finely ground, miimatc nuxtures of limestone and clay or 
shale, which hat'e to be adjusted in precise proportions by strict 

of composition in 

the ^h^ product. The i^ed materials, in the form of slinry. 
are heated to rncipimt fusion in rotating furnaccs-Jonir steel 

diinrw’ >^‘“=‘1 ''ith refractor^' br^ and 

slightly inclmed so that the mixture travels gradnallv down m the 
h^cst end. the heat being supplied by buminliTSim ^Lde^" 
ma^tcrua then piuises through a shorS, rotat- 
iM, cooling cylinder where it yields its heat to the rngoine air for 
^comb^tion c>;lmdcr ‘clii^r*, as the burnt ^uct is 

temed, after e«ling and mixing with such quantities of gypsum 

r“ ■“ tube SSis to 

the pWered form m which it » marketed. This must be fine 
enough for three-quarters of the finished product to pass 
With 40,000 apertures to the square inch. The nf a 

typical Portland cement slurry, before calcination, of the 
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normal cement ae present mAnuEa-ctured in India^ os given by 
Auduij are as follows; 


COMPOSITION OF ITPICU. INDIAN PORTLAND CEMENT SLURRY 
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The exact constitution of the chemical compounds which nmlce 
up Portland cement and the changes which they undergo on setting 
do not appear to be perfectly understood. Textbooics state that 
the essential cDnstitucnts are thought to be a tricalcium silicate 
3CaO.SiOj and a tricaleium alumtnate ^CaO. AljOg. On mixing 
the cement with water hydration of these anhydrous salts takes 
place, resulting in the formation of the hydrated calcium siheate 
aCaSiOj-sH^O, hydrated tetracalcium aluminatc 4CaO.AljO|,-- 
i^HjO and slaked lime, compounds which cjystallizc out in maaw 
of interlacing needles and so give cement its strength. Many 
special varieties of Portland cement are manufacturedp each of 
which is adapted for use in some panitular set of c ircnnistanccs; 
of part]cut4^ interest to- India arc the so-called * low-heat ^ cementi 
employed in the concrete work of large dams and now obtainable 
from works in the country. 

Although cements of the Portland type had been made on a 
small scale about the environs of Calcutta frtim 1^75 onwards^ and 
at ^rfadias from about io*4i where sea-shells were used as a Bouroe 
of carbonate of lime, and in all prolsabiiity at other places as ivelh 
the radian cement industry really commenced on a large scale in 
1914^ when the Indian Cement Co. started its operations at Por- 
bandar in Saurashtra, utilizing the rub-Rcccut^ acolian, millolite 
^estone^ the wdl-known Forbandar Stone* with local clays re¬ 
inforced by the addition of powdered granophyre from the £arda 
Hills. By in the first edition of this boolL the csublishment 
of factories at Katni, Madh^'a Pladesh, in 1915* and at Lakheri, 
in Btindi, Rajasthan, was noted: tlie second edition in 1936 was 
enabled to chromcle the further installations at Dwatka, Saurashtra 
(igiifl); Japla, Bihat Mehgaon* Madhya Pradesh (19^3)^ 

Banmore* Gwalior (1933); Wah* Punjab (1923) ; Kymorc, P^^hya 
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Pradesh (1^3); and Shahabad, HyderalMul {1935). The additions 
to tnu list sinfC^ then are in the table on pp+ 352-^6* 

In 19^0, the production of Indian cement was 9I1353 tons and 
the im^rts 155,480 tonsj by 1930 production had risen to 563,0^0 
iom; the mjlhori-ton mark was passed in 1937 \%ith an output of 
tons^ and by 1941, 2,110^623 tons %^‘erc made. In lOdO 
the output wm ii997f392 tons^ and as approximately j-4 tons of 
limestone a^ consumed in making i ton of cement^ besides the 
other maicr^ SMC 2-8 million tons of limestone were oormimed 
in that year lor this purpose alone. In the table bdow, the avcnifie 
annual production and import figures are given for the 27 years 
1920 to froKi which it will be apparent that Imports which 
avxrag^ about 139,000 tons per annum in 1920, have dwindled into 

c^ty for undivided India wiu of the order of a-Ss million tom 

ri^wSTof ^ 

average annual PRODUCTI^ ANB imports of PORTLAND 


I^EtlOD 

Pfl:ODUCTK>M 

iHPOtaTI 

[93O--3 
i^4-& .. 

192^3 .. 
1934 -S .. 

I939-43 

*944“* - 

iDni 

*58^504 
407.39* 
500. *|5 

‘.015,183 

‘.97^3 

Spioi^ies 

Iom 

^^ 3.337 
mi 323 

4^,^ (ioduilta 3,S47 uieu other wictisl 

:: "liS; ; : j 


Outstanding wmts m the histo^ of the Indian PortUmd cement 
mdustrj^ as follows: the imp^itioa ofa duty on imported cement 
by thr Go^ment of India m 1926, which amoumed to ^o 
per ton on Portland cc^t (escluding white Portland cementi and 
to Rs 15 per cent ad cabrem on cement (escluding Pdrtland^m™t 
^hcr than white Forded c^ent); «nablifhmcnt in S 
The Concrete ^laiion of India for the purpose of givini^r 
^icc^d ^.stance and for the publication ofii, peiiodiJl tS 
Indian C^n£T£££ the formauon In iQ-sfi nf thi. ^ ^ 

c™™ C».pai«» L,d, »„d ih. 

Jbt IMn^ M^asing Agcnc, wbid. conuols ™Uer map of 

factories m djlfcTent parts of the country. For somd. 
dm there destructive competition Eween th«e two gron™ 
though c^-cnt^ly a c^pmnnsc was reached. By , 046 the Svcl™ 
factories workmg under the A«c«uatcd Cement'Ltd hS ^ 
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combined pn^uction of 1.430,878 tons, or 74 per cent of the 

producuon d.., yo„, fo, u„di„idri ^ “ 

or '™?;‘ maniiliaure are round In many 

^Lr fonaatjons of lndt.a and Piikistan but they are 

Jat^P-^-^distrfct; stonre of .imiW 
Mchgaqn m die Katni area of Madhva r ana 

from the Vindhya^i?thc fe^“k!^“T“ 

mixed with shales from Daltonaani^i th.- 

s ss-JisF *'.o'r 

and at Laiheri, Bundi Raiasthan Nummulitic Group, 

of the Upper VindhyaiU ^ man'u^f^K Lo'ver fihander Group 

possess a^^emSCposISoTJilt 

and which lie in appropStc Ladom hf '^nt ^ufacture 
mtd as future 

in l«s favourable situations, particiJ^v thDi^I^f of factories 

be erected in connexion with thi «mstrecdon 

dams contemplated in India. and^h^K *** of tte major 

one to two nJlhon tons 

ti^ question of the beneficSi^of 

This usually involves the adoption Wcstoncs arises. 

problem has been discussed a? Irmgth by aSS 

that amongst the limestones in noSil^^ t j- ^ stated 

coniidcratioa are the Mandhali 

^esh, svhich are altematC TZ^f^ 

siliceous types; the crystalline metat^rr.^^^^ 

Dobhan in Nepal, whSi have rather Bhainse 

alkali contents; Ae ZZ ^ 

Sikkim; the crystalline lunestontTof T south-east 

of the more s^ceotis *ome 

the Mirzapur district of UtmrlVadtah. Kohtas Stage in 

Both the Indian and Palcistanian cGnmt * . . 

mtesrated with the economic and intSSS] a« cltaely 

countries, and as these structures grew tS^^^ 
sumptions will expand. On the® asst 
cement would be 1^ for too ctibkSnft^ 
help of popolanas or air entrainment Audcn”l^^"^’ 

10-39 mUlion tons of ettnent will be iwini™! ^ ^^maated that 
Cenre. uud Fruviueiu, dure 
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qu-EUitities will b* called for when the modernisation of some of the 
270,000 miles of road in nndi^-ided India comes to be undertaken, 
and the suggested national highways of India, which arc to link 
the major ports with each other and with Dclhi^ arc laid down* 
Apart from the utilization of cement and concrete in heavy con- 
simcLionai wort^—danus^ reservoirs, retaining walls, roads, brid^, 
factories, warehouses^ wharfs, jetties and the like, there are gro\™g 
calls for such materials for the ornamental detaiU of buildings, 
frames and mouldings, for pipes and blocks, posts and beamSp and 
for dl the diverse purposes for which artiheial stone can be 
applied. 

The w^orks of the Burma Cement Co. Ltd are situated on the 
bank of the Irrawaddy near Thayetrayo; started In Ftbmary 
1937 they' have a capacity of 60,000 tons per annum and aie the 
only ones of their kind in the country. The raw materials, lime* 
stone and marl, arc won from quarries on Tondaung Hill, three 
milca from the works and 750 feel above them* transported down 
the hill by ropeway to be dumped into a storage bunker, from which 
they are loaded into metre-gauge raiWay wagons by gravity and 
conveyed to the cmshlng pl^t* Thence they are fed to the raw 
null and gpDund with water into a slurry, conLaining about 40 per 
cent of moisture, which h elevated to four slurry storage aj^d 
cotwJiiioned by air agiiation. A slurry scoop feeds the material 
into the chinmey end of the kiln^a cylindrical furnace, lined 
throughout with refractory bricks, 251 feet long and rotating at 
50-55 ^onds per revolution. The kiln is fired by natural gas 
at Fyaye^ already described under Natural Gas. 
which jj supplied through a fr-inch pipehne, eight mileg in length* 
Alter procMmg m the kiln^ the slurry domes out from the burrung 
^d as clmte, which is later fed by gravity into the cement ^ 
a^ ground to the grade required. It is then air-blown for a 
yards through a 4-inch pipe to four cement silos 
siti^d on the rtver ^nt. From the silos the ftrment is cle\^tcd 
^ the top of the packer building, where it is discharged into a 
ot^ sieve and thence into a hopper, via a pneumatic extractor 

SS H ‘lie flat* at the river 

oiii™r]^ 7^^ electrified and the water n> 

1 works were evacuated from tqaa until iqaG 

two ““tJ “ tSfoUow^ 


WORKS IN INDIA 


1-5 = 1 

,1ljl 

III 

■n« •n 

Ki d Q 

-ijLa 

Hi 

III 

95 - 
hnc Q 

^ b a 

D- 

f Jaa 
"’^- ii 

^ T i^lc^ 
^ HO O 

h o o h 

III 

Sr? 

- b b 

3 

fr 

■— 

Oil 

J 

1 

Q 

8 

3 

s 

= 14 

o^ctiPi 


' 1 
£ 

' r 

1 

O 

-S 

-s -= 

11 

.E 

s ^ 

il 

: 

1 

2 

if 

I 

CB 

'Bg 
-3 5 

>■ y 
1^ 

o% 

9 

? 

^ p 

m S Q 

■PI 

- W 

S S' 

- 

a^s, 

PI 

& *3 

?3? 

wy ifl 

Ss 

R- 

Hj^ 

s| 

Cl i E 

p* 

S'sl 

« 

=1 

1^ i 
! 

g 3 

Ij -i'S 
si s ? , 

« 

%Kf 

II 

1- 

4- 

^ V 

8 ej j 
11-g 1 

a^a s 

■!l 

s € 

JS;: 

i 

i 

i 

■ ** J 

1 

J 

nlh 

“C 

r 

31 

llr®j 

ij' 

IJ 

TO 

s 

hul-l 

Sill 

0 

a 

3 1 

:£ I 

11 

■2| 

0£ 

1 

ttl 

<3=-S 

1 

§ 1 

8 

n 

I 

8 

a 

a.| 

i>a 

^ 1 
i, 

1 

s 

s'=i 
! %^\ 
<s 

1 

L 

.5 ^ 

% 

Ui 

s&s 

a _ 

|i^ 

din oa 

1 1 
-3 f5 

yi; 

Cu^ CB 

.a 3 

£.1 

S^csi 

Qua 

>- 

3 

Cl. 

E 

(3 

'B 


8 

fi 

P 

£ 

4!^ 

(5 

13 1 

J| 

IJ 

V 

E 

^12 

“f~ 

3 

-d 

l3 

iC 


4 


ts; 

% 

p^ 




















































































































































































































WORKS IN PAKISTAN 































357 


OYF S U»< 

GYPSUM 

Gypsum, the hydrated ^Iphatc of caJclum^ CaSO4.2H|0k ia a 
widely distributed mineral ctneji abundant in thick beds m sedb 
mentary formations and frequently associated with rock salt. Its 
clear crystalline variety is known as selenite^ its pure, massive^ 
granular modification as alabaster i its fibrous kind is termed satin 
spar, while the natural calcium sulphate without any water of 
crystaUiiation is the mineral anhydrite. 

Ground gypsum is an excellent top dressing for some types of 
agricultural land* A. B. Wynne, the g^logist, noted in 1875 that 
the wheat-fields of Kohat gave better yields on the soils of the 
gypeous days than elsewhere, though he added that the advantages 
to be derived from itx use were apparently unknown and the mineral 
Vi-as then entirely neglected, its usefulness in small quantities to 
the growth of the monsoon crops of south Bihar was demonsirated 
over 25 years ago^ for in addition to supplying calcium to the soil 
for those plants which need this element, it the power to ^ fix? 
ammonia and so prevent the loss of organic nitrogenous compounds. 
It is indeed a constituent of several compound fertilisers^ This 
power of fixing nitrogen is taken ad^^tage of in the manufiicturc 
of ammonium sulphate from synthetic ammonia, by passing the 
gaseous ammonia through a suspension of gypsum or anhydrite in 
water, through which a stream of carbon dioxide Is also passing at 
the same time. It is the basis of the process adopted at the Sindri 
fertilizer works, the amniDmum sulphate being recovered from the 
solution, while the caJcLum carbonate, in a form eminently suitable 
for cement manuracture, is precipitated. Very large tonnages of 
gypsum will be required for this purpoae alone. 

Hitherto* the most important outlet for the mineral in India 
and Pakistan has been to the cement industry, in which it is cm- 
plo^'cd as a retarding agent to control the setting time of the finished 
product. The quantities invobxd are dealt with in a later 
paragraph. 

Clear rock gypsum, or alabaster, is still employed for omamcnial 
^d artistic work, carvings^ statuary and die like. Vases and 
Himiiar ornaments fashioned from blue-grey and pink gypsum are 
sold at I>alwad and other places in the West Punjab. Cleaii^ 
ground g^um La known as 'Mineral White' or * Terra Alba', 
and finds its applications as a filler in the paint, rubber and cotton 
trades; in feittlizers i in insecticides for the control of weevil in grain 
stores; as an underground dusting agent in coal mines; as a heat 
insulator; and in the preparation of plasters :i^T^d blocks for acoustical 
and general building purposes. 

When gypsum is heated to about i ao° C. it loses some* though 
not the whole^ of its water of crystalhzation, leaving behind a white 
substance, the well-known plaster of Paris* This maicrial when 
wetted forms a soft plastic mass which become* hard in the course 
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oF a few minutes^ As it expands slightly during setting it can take 
a sliarp Lmpresien of any mould into which it is forcedi Eastern 
peoples have made use of this property for centuries: the whole of 
the itti^ work of the ancient cities of Kholan conaisla mainly of 
plaster of Faria, its figures and images moulded by a process of 
appijqu^. In Sind, the lattices and open-work screem of hou^ 
have been cast In il from early times. It h the foundation alike 
of the stained glass windows of the Marwaris and of the sh^h 
mofiaics of Rajasthan and the Punjab. Plaster of Faris^ so in-^ 
valuable for taking cajis* modelling and making moulds, has mani- 
fold uses ranging the surgical wards of hi:Apitalf to the work¬ 
shops of potteries, where it gives shape to cups, jugs, pintes, basins 
and other wanes^ In the building tra^ it forms the finishing surface 
for interior walls and is the basis of many proprietary plasters and 
cements, fire-proofing materials and a variety of ' plaster boart^ * 
used for walls, partitiom^ ceilings, etc, Ckpmmon salt mbeed with 
plaster of Paris accelerates its rate of setting while other substancesi 
including borax and alum, have a retarding action. Keene s 
cement, widely employed to repair cracks in plaster work, is mainly 
a mixture of plaster of Paris and alum, which sets much dower and 
becomes somewhat harder than the pure material. If gypsuJn or 
plaster of Paris is heated above 200* C* the vi'holc of the water of 
cr^'stallization is driven off, the power of setting is lost and * dead- 
burnt * plaster, corresponding to the mineral anhydrite, CaSO*, t* 
fo^cd. Both ppsum and anhydrite are extremely important 
minerals in Indian Industrial life fi'om yet another asp^t, fo^ ^ 
future geological investigations do not reveal Larger deposits of 
phut, pyrites or autphide ores of the base metals than those at 
preent known, it Ectay w^cll be that the country wdl have to turn 
to these two natural sulphatca for the foundations of large-scale 
manufacture of sulphuric acid^ as indeed other countries, ineJuding 
the United Kingdom, have lately been compelled to do- Th^ 
quration Is discussed more fully under Surt^HUR^ and here it Is only 
necessary' to meniiou that anhydrite contains 58'0 per cent and 
gypsum 46*6 per cent of the sulphur trioxidc radical SO3. 

The tabic on the next page show^ the growth of the 
industry in India. 

Of the 610,300 lona raised during the decade ending ig 43 > 
approximately 53*5 per cent came from Rajasthan, 30 per cent 
from the Punjab, 14 pcx cent from Madras, 3 per cent from Sind 
and Baluchistan, and the remainder in small amounts from Garh- 
W'aJp Kashmir and Rewa. A campartson of the production for the 
three years 1944-fr with that of the trleunium 1947-9 ^ important 
because the former came from undivided India and the latter nmiuly 
from India without Pakistan. Of the total tons won m 

the first period, 29^ i per cent came from the Punjab, 5*4 pet cent 
from Baluchistan, 46-4 per cent from Rajasthan and 18*3 per cent 
from Madrasi thus more than one-third of the gypsum was derived 
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PRODUCTION OF GYFSOM, t9H-50 


Fuiod 

AVUUkOI AfORlAL 
PttjQDuenuTt 

VAHim 

1914-]^ -- 

1924-8 

i 9 M-a ■ 
K 939 - 4 S ■ 

* 947-9 ‘ 
1950 

Timt 

55*133 

40*599 

49*442 

S 2 i 4 ^ ' 

69,784 

87.639 

Bsfita 

306,366 

fti 

14*699 

45407 

93.957 

gi.sa 

*,44.867 

4,13,730 

7,94,17a 

« 3 . 76 * 9’7 


The E^ixlU from 19^7 onwanlft felaie to Uk Indxxa Unira 


rrocd. deposits in the Jhclum (Salt Rang^) district of the Punj^ 

Erom BaluchisUiit which later were to pass to Pakistan^ Of the 
total 269^61 tons of the second period (l947'^)i 
raised in Rajasthan (made up of 37 ^9 per cent from Jodhpur^ 22’'7 
per emt hom Bikaner and O'S per cent from J a 1 s a l m erj ^ 32 "5 P®" 
cent from Madras and 6'6 per cent frotn Saurashtnrj in this way 
India soon made good the loss of some of the earlier source of 
supply. The rapid growth of Indian produedon ovm these mter 
years is very slgniticant; starting with ^^,669 tons* being her share 
of the oombmed total, in tjutput fosc to 5*^i5®9 in J947» 
78,94fi tons in t94&; 139,(>44 tons in 1949 and w ao 6>366 Urns to 
r95n. Over the four years 1947 to 195**' inclusive, 50*091 tow of 
gypsum were won in Fakistan, derived as to 70-4 per cent ftom 
the West Punjab. i6-8 per cent firom Sind and ia*8 per cent Erom 
Baluchistan. 

Beds of gypsiun of some thickocss occur at several places m aim 
about the Great IndSau Desert, especially in sunken areas surround¬ 
ed by low hills and once occupied by salt lakes. In Jodbpufi a 
bed five feet thick occupies au area of about 8 square^ miles at 
fiadwasi, eight miles north-north-west of Nagaur, and lies inunc* 
diatcly below the surlhjce+ Similar occummccs are found at Mad- 
pura near Kavas and at a ntmtber of other Locali tics. The Badw^i 
deposit is irorked by the Associated Cement Co. Ltd, and of tM 
54,338 tons raised in tg^u some 43^470 tons were consumed in the 
cement works at KymorCi l^akhent Kalari, Bamnore and Surajpur 
while the remainder was supplied to the country. The reserves 
of gypsum available at some deposits in Jodhpur are as follows! 


RESERVES OF GYPSUM AT SOME DEPOSITS IH JODHPUR 


Locality 

Tms 

Luc^ty ^ 

- TSS 

Bldwait 

&oo^a» 

Fbatnind 


Kavaa , . 

2p06l,CtDfr 

UuuUl 


PiianwHi 

[,040,000 

KJtiutacEi . % ^ i 

L 3 T 3 *™ 

D-ikoM 

i* 37 [p€oa 

D^iircTA .. -*i 

9 S 6,000 

Mmn^ 

8,ooo^ooq 


500,000 


Total .. 94^432,ooe booj 
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Boring? near Badwaji and Kag^ur are said to have found funJuir 
gypsum beds at depttu of 296 and 66 fcor, rrapcctivcly. 

The largest deposit in Bikaner is at Jamsar, a few miles from 
Bikaner City^ where the mineral oecur? in a four feet thick, 
under about thra feet of overburden. The reserves at thb and 
some other localities in Bikaner are a? follows: 


RESERVES QF GYPSUM AT SOW LOGALITTES IN BtfLANER 


LcraJlcy 

Tims 

Locality 

Tw 

Juaar., 

KaoDi ^ * 

95/H»,DOO 

Harkaiaf 

llS^DW 


Pugii] (11*13 mile* 
NW.) „ 

Siaiar 


Bbuni*. 

+7S/K» 

1,399^ 

35«jw» 


ToTAt * * aB^t^ooa bmi 


The Jamsar deposit is citplolted by Bikaner Gypsum Ltd^ and in 
1950 It yielded 116*834 tons* by far the greater part of which was 
disi^tched to the Fertilizer Factory at Sindri. In the remaining 
producing region of Rajasthan* that is in Jaisalmeri the reserves 
are c^idmbly and have been computed at t,34(,ooo tonst 
ait of which are in the north-western divisionf Thus the total 
amount of gypsum available in Rajasthan* in so far as it has been 
assessed up to the moment of writing* may be taken as approxi- 
matcly 54 million toi]j< 

Madr^ gypa^ comes mainly from the TiruchirapaJU district^ 
** occurs in thin, irregular veim tn the clays and limestoaca 
of the Utarur and Trichinopoly Stages of the Cretaceous Systeni, 
disputed over an area of about 22| square miles from Tappay 
and Penyakurukka in the south* to Chittalc and Asur in the north. 
The mdividu^ veins are reldom more than 10 to 15 feet in length 
Md up to 5 in^es tn width* but they usually lie clo^ togethH'- 
JJn the assumption that they extend to a depth of50 feet, and there 
u no ^rticular geological rtaam to limit them to this depth, over 
15 million tons of gypsum arc available here. The largest prfr 
Queers^me the Trichinopoly Mining Works Ltd, opexatiug iu the 
Lalgudi and Pcrambalur taluks, from which 16,838 tons were taken 
^ Assmated Cement Companies^ J^torics at Tadcpalli 

hladhukkarai ^d for the ammonium sulphate worli of 
rertilizcrs and Chemicals (Travancore) Ltd* at Alwayc. 

It has long been known that gypsum is a characteristic mineral 
01 shales and limestones of Jurassic* Cretaceous and Tertiary ages 
m Sau^htra. Kutch and Sind* The largest octurrene* known in 
&auraahtra is at Ran, in Nawanagar* where D* IL S. Mehta esu- 
tnat^ rcKi^ of about 4 milliori tons. The gross reservet of Kutch 
are belujved to be approximately ^ million tons, the richest deposit 










OYPSUU 3®* 

being in sub-Nummuiitic rocks near Umarsar, Gypsura of sub- 
Recent origin is also found, in the aliuviiini of the orceJis of Rutch 
and 15 worked there on behalf of cement manufacturers i agajni;i at 
Kuda, in Dhrangadhra, it ia present in ciays, la to 14 feet bdow 
the surface, and in Porbandar, near Mianip it cxis^ in ycLiowjlay 
beneath a thin covering of mud. Examples of this type could be 
multiplied, but individually tbey have no great economic signific¬ 
ance. They recall the segregated selenite crystals of the martne 
lilts of the northern end of the Pulicat Lake in NcUorej the selenite 
scales of the black soils of northern TimncIveU (Tinntt'elly) and of 
the Falladam taluk of Goimbatorep of near Kilakkarai of Ramana* 
thapuram^ of the marine and estuarine silts of the Gimtur and 
Chingleput coasts and Port Blair in the Andaman Islands. The 
mineral also occurs in limited amounts in the otd^ alluvium nf 
the Hamirpur and Jhansi districts of Uttar Fradf^h. 

In the extra-peninsular areas there are said to be large deposits 
in Kashmir I’^'iiag along a tract of country, 15 ntdes in length, to 
the north of the Jheium valley cart road, n™ Braripara in the 
Uri iahsii. In Spill and Kanaurp beds of considerable extent and 
thickness have been describ^ as resulting from the replacement 
of Carbonif^ous linicsioncs through the action of hot, aolphuroi^, 
spring waters,, Beds and lenses of gypsum have been found in 
rocks of Krol and related ag^ in Sirmur, Garh^^'^ and Kumaun. 
Less than a quarter of a million tons arc known in the Garhwal, 
Dehra Dim and NaifuTal districts ofUttar Pradesh^ Thick beds of 
gypsum also occur in the Kangra Chu valley of Bhutan, though 
little Is known of their extent. Such depoails as have so far been 
measured in Saurashtra, {Cutch and Himachal Pradesh arc capable 
of yielding about 7 million tons of gypsum^ 

In the Western I^njab of Paldstan, beds of gypsum with varying 
quantities of anhydrite crop out in the scarp slopes of the Saline 
Scries of the Salt Rangen They are particularly abundant in the 
Jhelum district ftTid extend through Shahpur and Mianwali along 
the whole length of the southern flank of the Range, from JaJalpur 
in the east to Kalabagh on the Indus, and thence into the trans- 
Indus extensions of the same mountains. As a g^eral ndej the 
more tr^sslve depc^Lta underlie the Sait Marl Stage. The seams 
themselves, aocordlng to E. R. Gee, alternate with red, gypseous 
^ys, contain mixtures of gypsum and anhydrite^ and pass laieraUy 
into anhydrite with a little gypsum In many cases practically no 
impuritia are present; in other instances there are small admixtures 
of femigmous clays. In the foot-hills of the area to the cast of the 
exit of the Kbcwra gorge, 1 1 million tons are available j at Dandotp 
al^ut three imles west of Khewrap there arc 7 milllDn tons of gypsum 
with anhydrite In the basal scarp slopes. Other important and 
relatively accessible depoaits arc to be found at Chanuwala (10 
mlUioii tons) and at Makrach (9 mUlion tons]. At the western end 
of the Salt Ran^, near ]Qaud Xhel| reserv-s of easily workable^ 
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high-gnide gypsum vdth a proportion of anhydrifc arc estimalcii 
at ^5 miLllon tons. Further norths and stiU associated with t)v 
Salt Bblarl, there are some 5 miUJon tom available in the Mari Hill 
south of the Indus. These and other localities between them 
possess^ according to P. G- Das a minimiiEzi total raerve of 

71 million tons. The mmcnl is also known to occur in the Kala- 
bagh Hill to the north of the Indus river^ 

In the BaJoch-Buzdar hills of Dera Ghazi Khan dutnetf 
Tayab Ali states that beds of gypsum, 3 to 6 feet thicks in Eocene 
shales^ continue north and south for mil r* along both banks of the 
Sarghar Lahar^ but the locality is an isolated one. 

Turning now to the North-Wcat Frontier Province, there are 
immense deposits of probable Cambrian age in the Khasor Range, 
according to Dr E, R. Gee^ Near Satduw^i, massive white and 
pink gypsum forms the major part of a 40 o 4 aot sequence of fla^ 
dolomite and shales of various kinds. * The geographical position 
of these immense reser^'cs/ adds Gee, * to the west of the Indus and 
many miles from a railway, renders them of little economic value 
For the present.* But it is In the Kohat district that the greatest 
development of gypsum ts to be found. Here, according to a recent 
publication of Geological Survey of Pakistan^ the beds jP 
rocks of the Upper Eocene NummuUtic Series and are exposed in 
all the ridges exiendiag from the vicinity of Bahadur Khel eastwards 
to the InduSp covering art area 50 miles long by 20 miles in maximum 
breadth. At Bahadur Khel itself, the !^own bands total about 
iQo feet, are of high quality and are well exposed around the sal* 
quap-ies at Kharak and Jatta- Many million tons arc said to be 
available by opeti-caai working. In the district as a whole, *" the 
quanti^ available is, from a commercial standpoint^ unlimited 
according to Dr Gee. In the Shirani country a band of gypsiftro^ 
shales, alternating with limestones, was traced by La Touche, froo^ 
the Toi river in the south to the Zao defile in the north, a distance 
of 24 milcs^ In a measured section at Zor Shahr, 12 separate befis 
occurred^ varying from 1 to 111 feet in thickness, and with an 
aggregate total of 50 feet* 

In the Sibi district of Baluchistan, the gypsum deposits of 
Spititangi occur as two regular, sedimentary bc^p 5 and 
in thicknos respectively, in Khirthar Limestones on the northern 
slopes of the Mian Zard Koh ridge, extending for 9 miles along the 
strike. Certain areas hereabouts arc leased to and worked by the 
Associated Cement Companies Ltd. In the Anakoi nola, 7 mile* 
from Chamalang in Loralai, S. Tayab Ali, in 191B, found 13 gypsum 
bands with a total thickness of 50 feet, and an exposure length of 
1J mi]&: three miUion tons arc probably available here dowm to a 
depth of too feet, but the locality is too remote for prestmt develop^ 
ment* Gypsum is also known to occur about the Ghaziaband Pass 
in ^e Quetta-Pishin district, and in the Kachhi district of Kaiat, 
while certain surikee and lub-suiiacc deposits of the desert around 
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Nok Kundi in Chagai 

occii« near Kotri in Sind, and suppbes (mm this 

for seme time in the cement mdiistry- Gypsum of *®'***]^j^ 

occurs abundantly, accordii^ “ ^ bSs J 5 h 

Gai (Miocene) Group in the Kiurthar Range of Smd. Beds witn 
thieJmesses of 3 to 4 observed m the sectioiw c*t»^ 

in the Gaj river, and similar ones are frequently met vnth furtticr 

no gypsum deposits in Burma similar to ih^ of the 
desert regions of Rajasthan or of western BJuchistan, and s^l ^ 
are there any typical evaporiua such as those of the Salt. Ran^ 
and Kohat, which were derived originally froro^^mc watm 
trapped in desiccating, landdocled iago^ ^ shallow ™ ^ 
the sea. Selenite is ootmnon enough m the Pegu ^ 

of the Thayetmyn, Minbu, Magwe, Myingyan and P^kku districts 
of central Burma, but only as thin laminae along bedding planes, or 
as narrow vcmlets filling their cradia and joint phmes. Its sratt^ 
caadidon pm-ents ita profitible Mploitation and no depoatts fiavc 
yet been found concentrated enough to be of economic interest. 

Some idea of the magnitude of the rcserrei of the natural calinum 
sulphates can be gleaned from the figures alre^y given ^r those 
deposits that have been investigated m both India and 
and in all probability these will be considerably extend^ m the 
future. The production figures of the past fur^h no guide^to the 
output of coming yean: it has been authoritatively stated that the 
Sindri fertilizer works ^odc will require some tons oi^'paunai 
p£r dUm when operating to full capacity. Judging^ 
sumption of 17 Indian cement works who have kindly rumiinca 
paruculars* the whole cement iudustry working at ca^^ity 
(iQjdJ consumes about t ^0^000 tons per aimum and this is likidy 
lo mcrcase rapidly. The aniiml output of gypsum and anhydrite 
in the world nmv' exceeds ten million tons annually and is some 
meanirc of the importance of the tmneraL 


M^\RBLE AND OTHER ORNAMENTAL STONES 

* Amon^t the remains found on the Mohenjodaro site in the 
Larkhana district of Sind wrote Sir Edwin PascoCp ‘ wm shaped 
and dressed blocks of polished miiTble} many of them evidently for 
building purposes. The atone reaemblea that from Makrana in 
Rajputamsp whence w^e may imagine It to have been carried across 
the desert to ihc ancient city. Associated with these shaped blocks 
were found seals bearing a script having many rcscmblanco to the 
Sumerian script of Mesopotamia. The marble quarries of North* 
Western India^ therefcFrCj appear to have an antiquity which it 
would be difficult to rivai.' 

The Makrana quarries are in Jodhpur and are believed to have 
supplied the stone for the Taj Ma^al, erected by the Ernperor Shah 
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Jalian {!&28-58), at Agra as a mausoleum to the memory of his wife 
Mumtaj MahaJj a building which is regarded by mosL authorities 
as one of the most beautiful stmeture! in the world* The Victoria 
Memorial In Calcutta is built of the same stone* 

In many pEirts of Rajasthan there are marble occurrences of 
var>'ing degrees of colour and grain in both the Delhi and Aravalli 
Systems. * ^moat everywhere in the extensive area occupied by 
i^ outcrops in North-R^tem Rajpulanap' writi^ A. M. Beronj" the 
Raaalo Limestone—w^hich passes up conformably into tlie loi^cst 
bed of the Alwar Series—^affords good marble, quarried chiefly in 
the vicinities of Raiaio in Jaipur, and of Jhiri in Alwar.* The stone 
is an excellent pure white, saccharoidal marble^ though pink, pale 
grey and black kinds also occur. White marble from another b^d 
In the same rock sequence is quarried at Dadikar, in Alwar^ while 
a handsome modiEcation of the Kushalgarh Limestone forms a 
narrow-banded, black and white variety near Badgaon„ close to 
the Alwar-Jamur boundary. The Rajnagar Marble^ again, a pure 
white stone, ftcc from grey cloudiness, is exposed over wide tracts 
around Nathdwara, in Udaipur, and has given vast quantities of 
stone for embankments, palaces and temples, though these ha^i'e 
made little impression on the reserves, which are for all practical 
purposes inexhaustible. 

Marbles from Rajasthan, as well as suitable Vindhyan sand¬ 
stones, were used for the preparation of filigree screens, which arc 
such striking features in the Internal decoration of many historic 
buildings. As an example, ihe xnarble work of the momuiicnt 
cTCtcd by Ak^ over the remains of his fHend Shaikh Salim, 
Fatehpur Sikri, in 1581^ be mentioned* It Is a pavilion of 
white marble, surrounded by a deep projecting dripstone of sinular 
^tenal, supported by marble shafts crowned by most fantastic 
^^kets, shaped like the letter S. * The outer screens wrote 
H, G. Keene, ^ are so minutely pierced that they actually look Uke 
lace at a litde distance, and Illuminate the mortuary chamber 
within with a solemn halfrUght which resembles nothing else that 
I ha\'e seen* The whole of this elaborate work, including the 
strange but moat pitting design of the brackets, appears to have 
been produced by the resident stone-cutters of the place, imeducated 
men earning probably an average wage of about a penny a day. 

I believe that no instance of such pure, patient workmanship, ao 
digmfied yet so various, h to be fotmd in the world/ 

^ It IS to be remembered V wrote Dr Heron in 1935, ' that the 
marbles of Rajputana, such as these quarried at Makrana, Rajnagar 
and RaiaJo, have important local uses as building stones for ordinary 
vdla^ houses, as well as their export as ornamental stone* A 
dilapidated village built of while marble and mud appears Iti- 
congruous, but the a^^labie supply of marble ii probably much 
in peccra of any possible export, and there U alwayi an abundance 
of inferior stone which cannot an outside market/ 
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The North-West Frontier Province of Pahbtan is well 
with white siatoary marble and has illinul^le qu^biies orbanded 
marbles suitable for building purposes, white, ajxhimoi^ 

siDDc of the Shahidmena and K^bela Khwar quames, m the 
Mullagori cduntry of the Khyber, b translucent in (hm masses and 
equal in appearance to the best qualitim from Makrana and from 
Carrara in Italy. After rough driving at the Shahidmena quames, 
it used to be taken into Peshawar by motor lorry, a distance of about 
fl6 miles, where it was sawn into suitable sizes for ornamental bmld- 
ing purposes. Marble of good quality also occurs at N^en, m 
the Wbi toMt of the Mardan district, Lai^ qu^tiuo suU. 
of stAEuary gradri ire available in the Ghtuidai Xarako ridgt, on 
die bounds^ between tlic Swabi tchsti and tht Buncr tract of Swat i 
All dic^ Ttiaf hlgR wctc orig'biaJly limcstotis, probably of C&rbon* 
ifcmiH age, which have been altered by intnisiom of cpidlodtc. 

D. N. Wadia has described snow-white^ n^ive marbled m bedded 
aggregates, up to 600 feet in tbieknessp in the Kurihar valley of 
Hazara, though the locality is not easily reached. 

The Sagyin Hills, north of h^dalay in Upper Bunna, are 
composed to a great e^etent of white marble, from which most of 
the imagea of Gautama, some of them of colossal stae^ w'hich adom 
the innumerable pagodas of the countryp have been carv^> Marble 
occurs also in the Kyaube and Ssigaing districts, while the great 
bands of the Ruby Mines region* in Katba, have their counterparts 
in ihc hrontieT ranges of the Bhamo, Myitkyina and Putao districts, 

between Burma and China. e- t ^ 

Although the marbles of India are, in the words of V* Ball, 

* probably unsurpassed for beauty by any to be obtained in any 
other part of the wwld ^ little use has hero made of them ^th the 
exception of the cases mentioned. In the Coimbatore discrict of 
^ladras there exist vast quaniitica of greyish-white flesh- 

coloured stone^ while the Chitaldrug and Mysore districts of 
Mysore contain further supplies of the farmer. Other deposits are 
known in the Salem, Madurai and Tinmelvcli disiricts. The 
Archaean formations of Madhya Pradesh possess the ^ Marble 
Rocks ' in the Jabalpur district^ and numerous exccSlent marbles 
have been found in the Betul, Ghhindwara, Nagpur and Seoni 
districts. The beautifully marked^ serpeniinous varieties of the 
Sausar tdail in the Chhindwara district deserve especial mention. 
Black and white marbles arc said to be workcai in the Mandi and 
Datia bills of Faikda^ and a white atone w^aa at one time quarried 
at the State Marble Works* some 8 miles from Namaul railway 
station. According to P* Ahmadj fine-grained slighdy dolomitic 
statuary marble occurs extctisivcly at Nidgha* about 16 rniles south 
of Robotsganj in Mirzapur district of Utiar Ptadesh. 

Unusual varieties include the lovely green, pink and whitCj 
mottled rock from Harikua and its brecciated relative from Sandara 
in Baroda, Bombay ^ the black marbles of Rewa Kantha, Bombay; 
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the paJc grtca, or dark gmn arid ycUofvmh, clouded marble of the 
Kumool district^ Andhra ^ the fine pale sea-green stones from the 
Naiji formation of the Guntur and K-rishna districts of Andhra^ 
used in the Eculptures which depict scenes from the life of Buddha 
and his previoiti births ai the Amaravati sUipn and the 

Nagaijiinn Konda ektiiyss datable from the second cciitui7 b-c. 
to the third century a-p- I the onya marbles of the Shahpur district# 
West Punjab; the green and yellow serpeniinouj marhlca of ^e 
Mardan district^ North-West Frontier Province, Pakistan^ which 
A. L. Goulson describes as stones of considerable beauty capable 
of taking a good polish; the coralline varieties of the Lower Narbada 
valley, employed in building many ancient temples, moeques smd 
palaces and remarkable for their thick bimcms of branching 
bryozoa j the homogeneous yellow marble, and the yellow and grey, 
shelly kinds of JaLsahner in Rajasthan, and, finallyi the semi-saenrf 
" Abim Stone a dark red, fimilifcrous marble in which the organic 
ttmiatns have been changed into a ycUow substance^ This material 
is cxteiwivcly used in northern Indin as a paving for the thresholds 
of templeSj for fine carvings and inlay wort# as in the mosaics of 
Some of Shah Jahan’s fine buildings; for memorial stones and 
tablets with incised inEcriptions; for pierced grilles, brackets and 
tables# as well as for large building purposes. 

The average annual production of marble over the decade 
ending^ 1930 was 5*813 tons, valued at Rs i,5+,973t ™d, with the 
exception of a small amount from the North-West Frontier Province 
of P jtiitan# it came almost entirely from Rajasthan# where Jodhpur 
is the largest producer and is followed by Alwar and Jaisalmer- 
Marble quarrying in Rajasthan is a growing industry, the average 
annual output for the five years ending 1948 having risen to 16*9^9 
tons# valued at Rs3>50p8W, and, in 1949 alone^ to 
a value of Rs. 7r4t,££to. 

The cost of transporting the marbles of Rajasthan by railway 
to the great cities, such as Bombay# Calcutta or Madras, has not 
only hampered the large-scale development of the quarries* but has 
favoured the trade in imported marble, chiefly Scorn Italy and 
Greece. In normal pre-war times, the imports of * stone smd 
marble * had an average annual value of between Rs 7 and 8 lakhs. 

India abounds in granites, graniLogncHscs and related rocks 
which^ suitably polished# would rival any of those produced for 
omamentai purposes m other countries# such as the Aberdeen 
graziiies of Scotland or the English Shap granite# but they remain 
undeveloped except for the more utilitarian purpesses of road and 
railway making, and# more rarely, as roughly dressed construcdoaal 
materials. J. A. Dunn mentions that some of the granite^gneisKS 
of Chota Nagpur are beautifully figured and# being susceptible of 
a high polish# are suitable for wall panellmg# stairways, architraves 
and lintels.^ The variety of such rocks amongst the crystaliuv: 
formations is very great and includes the ehamockitca, first rcCC 5 g* 
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DUtd from a tombstone in a C^cutta 

1605. Here should be included the syefiites of the M^k district 
of Upper Burma with their shimmering moi^orie feldiparB- in 
the Belbry district of Mysore alone, &uce F(»tc, in 1895, 

« irrffl r*ie lenities either where granite had been quameo, or 
wh«rrt still awaited trial. The supply of first-^ s^. con¬ 
sidering the district as a whole, he regaled ^ absolutely ine^ust- 
iblc. Remarkable examples of woritraanship m such ^ 

to be seen among the mins of Vijayaaagar, the tapital of the I^du 
Kingdom of the same name, 1339 » 1565 A.i>., in the form of com¬ 
posite pillars, huge monoliths, large nguim and a gr^l 
trough over 41 feet in length. There are also pillw of polished 
porphyritic diorite in the remains of one or two of the tnnples. 
The granites of Dammur and Bailur, 11 miles due south of Bellary 
Itself, are ejnraordinary rocks which have not yet hem workedof 
medium to rather coarse grain, they posses a deep red colour 
and woiil'd superb decorative stones if well puiisncd. 

Xhe banded hacniLatitje quartzites of the Archaean fbnnations 
form another ^roup of atones wiib good decorative possibiUti^^ 
J, A- Oumi has described diose of soutli Smgbbbuni witb tbeir thin^ 
altemating^ la^'crs of dark red^ and white colours delicately 

contorted into fine foldsi as extremely hard and highly poliihable 
stones which could provide matcriala of unusu^ly stnkUig appear- 
In much the same category come the ribboned jasper rc^ks 


ance. 


of the Sandur Hills and elsewhere. Bruce Foote described cliffi, 
three ot four hundred feet in height, 2 miles north-wcit by north 
of Timappaghar, in Sandur, Bellary, as formed of banded jasper* 
haematite of vivid red and purplish grey tinta^ or greyish brown in 
stripes and often exquisitely vandyked^ [^ding that it was one of the 
most richly coloured rocks he had seen and even in the rough 
state a material of great beauty. * The jointing b most rectangular 
and kindly^, he added^ ^ and well shaped blocks of sizes varying from 
a foot cube to Kveral cubic yards in bulk, could easily be quarried.' 

The dyke slonis of southern India are often of attractive and 
pleasing appearance. A porphyritc of Tomagnl Hill, in Hospei, 
Hilary, has a blackiih-gr^^ gfOundmass, full of large, bright, flesh- 
colourcd feldspars ^ another at Hurlihai, in the KudUgi taluk of the 
same district^ has rich green fcld:spats showing out of a blackisb 
green matrix in Large numbers; nmny of the lighter greenish dJorites 
of this and adjoining districts arc also unusnally h^dsome stones^ 
A remarkable rcddish-brqwn feldspathic porph^Ty occurs on Kari- 
gutta Hill^ overlooking Seringapatam in Mysore, and could fixmish 
Large supplies of stone fit for panels, vases, ro^or and similar articles. 

Some of the serpentines commonly associated with the ultra- 
basic rocks of India, Pakistan and Burma, would doubtless prove 
suitable for ornamental purposes, if a demand should ever arise for 
stones of the cla^ to which they belong; as yet, however, no attempt 
has been made to develop them. The potstonra and steatites have 
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also been used in the construction of both temple* and palaces, 
though, as their first name indicates} they are more widely carved 
into bowls, basins, plate* and the like, for v^ious culinary and 
domestic purposes^ Many of the temples of Orissa, M^'sore and 
some parts of Madras, contain examples of sculptured steadier 
which, in general, have resisted weather action extremely well* Of 
finer vaiiedcs, only three can be mcndoncd here—the black, talcosc 
r^k, studded with crystals of magnetite^ forming the polished 
piUars of Hyder^s mausoleum at Serir^patam^ the dark stone with 
a metallic InstrCj occurring at Jambal Ghat, in the Chanda district 
of Madhya Pradesh, which the Mahratta authorities resen.'cd for 
the n^ufacture of images, and the bluish grey soapstone from a 
mine in Jaipur, Rajasthan, used in Agra for the carving of delicate 
Ornaments. 

In any list of scarcer omamcntal stones the following examples 
would certainly find a place amongst many others t the tinted, 
y^low-gretn cpidosites of south Rnnchi, Bihar; the unaJtites of 
Singhbhum, with their large pink orthoclase and yellowish green 
epidote cryat^; the red aplites with pbtachio green epidote^ of 
Bcawar in Ajmer-Alcrwara and Bijapur in Jodhpur, Rajasthan; 
the green quartzites of the Bellary district, Mysore, Coimbatore 
district, Madras, and of the Hasaan district in Mysore, and the 
gamctiicTous rocks with their pale salmon-coloured to red, 
znurchisoiute fiildspars of the Krishna and Visakhapatnam districts, 
Andhia. ^ 
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CHAPTER X 


MINERALS USED IN CERAMICS, REFRACTORIES 
AND GLASS MANUFACTURE 

POTTERS' EARTHS AND CLAYS 

The prcWstDric potters of Indi^ were skilled ersTtsmenj not only 
do their hand-mtKlcllcd terracotta vases, * made probably Sn the 
iflird ifiiUduuum B.c^j ochibit a high of culitipc Bind re fin 

menC % but some of their whcel-tumed, painicd wara of appro:n- 
nutttly the s^ine periad show by their extremely thin waiLLs ^tbe 
execllence and homogeneity of their |mte \ Such are ^e opinions 
of the specialist} Dr Rosenthal and Prof. Stuart Pipgott, Ei- 
amples range firoiEi the buff pottery of southern Baluchistan to the 
superb bowls of northern Baluchistaiip decorated in. black on buff 
to terracotta backgrounds^ from the plain» mass-produce^ wares 
of the Harappa culture to (he pots with black designs on a lustrousi 
deep red slip and to the rarer polychrome wares of MohenjodarQ 
and other sites. These early pouers, too, had mastered the com¬ 
plexities of laience mamdacture, an artificial, vitreous paste used 
for the glazed and coloured surfaces of beads and seals. 

The potters have constituted one of the great fxmctsonal castes 
of the Hindu social system from time immemorial and loilay they form 
the vast majority of the workers in the clay industries* They do not 
approach the high standards of their early ancestors but they know 
the essentials of their craft and satisfy the needs of village 
markets, over which they hold a monopoly, * In India \ wrote 
H* Crookshankt * the cheapness of his goods and the poverty of his 
customers will keep the potter going for many a long day*' 

Any local earthy alluvial or residuaJj containing sufficient fluxes 
to make it fusible at moderate lemperaturesp suffices to fashion the 
cooking-pots, water-jars, roofing tiles, country bricks and 
numeTDus small arcicles which arc mended on the wheelt dried 
in the lun^ and baked in an open fire with the cheapest avaiiahle 
fuel* Glazes art rarely appj icd, hut as a substi tute on ordinary warei 
as V. Ball pointed out,. ^ mixtures of fine eJay which adhere afrer 
heating are sometimes used, but they are rather in the narure of 
paints than true glazes, being soft and easily scratched with a pin 
Other characteristic wares of the peasant potter arc the unglazed 
black pots of great simpllcicy of line which are smoked in Hwd 
kilns. As the raw materials vary greatly from place to place so do 
the fined products of different iDcaUties alter in coloiiTj strength and 
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porosity; thus the crocicry of certam place acquires a reputation 
due to some peculiarity in iis composition. An earth from MoguJ- 
fiernif in TJttar Pradesh^ contaLns fine mica and is said lo yield a 
y^ry porous ware suitable for pitchersF The tcnaciouj clays of the 
Tertiary rocks of certain localities in Burma supply cnaErrial for 
the lar^ ‘ Pegu Jars often three or four feet high, which are a 
speciality of Mingyi, in the LoM*tr Chindwln v^lcy; of villages 
near Kyaungm>-aung, in Shwebo, and cLscwhere. 

The Muslim invaders of India are said to have introduced the 
use of glazed and decorated tilesp and to them, WTiteft Monica 
Clough, ‘ we owe the beauties of buildings such as the Chini-ka- 
Rauza m Agra, built about 1639; the “ Chitu or Kashi ” mosaic 
work was made from large plates of glazed tile cut into the required 
shapes for Moghul inlay wotk. Straightforward lUcs* often with 
beautiful free-hand designs of figures or flowers, were used in the 
earlier mosques, such as Gaur tiles from the Tantipara and Lotan 
mosques (1475), which have a true encaustic glaze and a marked 
Hindu ch^acier, quite distinct from the blue and diapered til» 
of distinctive Moh^nmedan manuJaetture 

Apart from the products of the village potter, better qualit)' 
wares have always been made at a few' widely separated localities, 
most of which possess considerable merit from an artistic point of 
view. Amongst them are the world-famed Delhi blue vases, the 
red glazed pottery of Dinaporc, m the Patna district of Bihar ■ the 
red earthenware of Travancore and Hyderabad; the painted pott 
of Quetta and Peshaw^ar, gay with black and red desi^; the black 
wares of Mongh^r- and Cbunar,, and the black and silvery ones of 
Azimgarh and Bhagalpur; the umtadon bidii ware of Surat; the 
painted pottery of Kota, in Rajasthan; the gilt pottery of Amroha, 
in Moradabadj Utiar Pradesh; the glazed and unglazed^ pre^d 
wares of Madurai, in the far south; and the glazed pottery of various 
places in Sind and the Punjab. 

In Burma, although there are a few villages devoted to pottery 
manufacture, the potter's occupation generally is a very fitful one 
and only pursued when agricuJtture docs not claim his immediate 
aticntton. According to Sir George Scon, the best potters are 
Shans, those of the Papurt district being the most noteworthy^ 
though charattensdc and elegant work is turned out in the States 
of ^wksawk and Mong Kung. The red and blac^ polished and 
incised wans of the latter State have a wide reptite and arc dis¬ 
tributed to far distant places. Pegu is noted for its domestic poiteryj 
cooking-pots, water-jars^ goblets, flower-^pots and lamps of curious 
shapes; Twante, in Hanthawaddy^ for its glazed ware; and Tavoy 
for its black, porous goblets. Care and ingenuity* as well as artistic 
■kill are mainly displayed on the prcductioii of flower-vases and 
ttands for pagodas, on alms^ bow'ls and red, cinmlar lamps used 
on festive occasions. These and similar objecLs come mainly from 
Papun, Pyinmana and Bas^elm Ancient slags finom lead-smcldng 
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operations in the Shan State of Mawson are used in the prepajratioti 
of glazeSi 

STONEWARE AND EARTHENWARE CLAYS 

Plastic clays of fairly low fusibility and g|ood dry strength^ suit^ 
able for the manufacture of 5aJt-gIa2cd stoaewanc and for the 
coarser types of earthenware^^ occur in many parts and are utilized 
on a large scale in the modem poucries* yielding very hard, tough, 
pardally vitrified and almost non-abserbent bodies under their 
glazes. The earliest pottery to manufactiire such articles was 
established by Bum and Co. at Raniganj in 1S591 begin¬ 

ning of die century there were stLll o^y about half-a-dozen factories 
in the country^ producing canhenwarc and porcelain^ By 1939 
the niwbcr had incrcas^ to about 25, taming out a variety of 
cerainlc goods, mduding electrical insulators. By 1951 the total 
had grown to about 40, while 7 new potteries were then under 
construction. 

The progress of die Raniganj pottery over the course of almost 
fltic himdrcd years Is a measure of the developments that have taken 
place in the industry as a whole during that t ime. Then, one small 
works made stoneware pipes, flower-pots and ornamental garden 
pottery: now, there are three large establishmencs, one devoted 
to the manulacitire of stoneware pipes and pouring refractories, 
another turning out fireclay goods^ and a third in which silica bricks 
and refractories using chromite^ magnesite^ sillimanite and other 
ttunc^Js are made. Associated with this concern are the Gulfur- 
" ^Vorks at Mugma, Bihar, the Durgapur Brick Works 

Tvr cerarmc and refractory works of Jabalpur^ in 

Madhya Ptadesh, specializing in roofrng-tUcSi pipes, acid-proof 
wares Md glass pots. 

r of aedvitics illustrates the difficulty of drawing sharp 

mes of dwtmetion between die various products, for though it may 
^ broadly to separate those of a pottery from chose of, say, 
a silica-brict works, there is a. gradual prcgrc^lon from one type 
ot ceramic ware to another, from clay to terracotta, from stoneware 
to porcdani. Stoneware is said to differ from refractory ware in 
t It contains more fluxes, and from porcelain in that the main 
raw mntmals are plasdc clays and not kaolins. 

in adist of the various wwks using Indian clays and refractory 
indicated briefly the souroes of die raw materiais 
used, and to supplement this the following notes are added. The 
raw material of the Raniganj potteries is a dart grey^ carbonaceous 
clay, occurring as a nearly flat seam in the Uppu- Coal Measures 
near RoneL The Jabalpur potteries utilize white and paJc grey 
cays of Upper Gondwana age, occurring near Chota Sinua, while 
those of Katnl uae clays derivtxl from rocks of Purana age- Clays 
supplying the Than potteries of Saurashtra, as well 'us those of 
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Sccuiuicrabad, m Hyderabad^ are also associated with Upp« 
Goridvs’ana rocks^ while the stoneware made at Trivellore, in 
Chmglcput, Madras, Is fashioned from low-fuaible clays obtained 
for the most part locally. The Ranipct PotterLes, in North 
Arcot^ use clays of the Rajmahal Stage occurring near 
Sripenipibudiir. 

The principal t^^pta- of coarse earthenware articles made in Indian 
factories include jugs, jars, basins and kitchen utensib of all kinds, 
glazed and xin^lazed. The stoneware products indude jars of all 
sizes and descriptions, tea-pots, if^*pots, pipes^ bends, junc¬ 
tions, channels, intercepting traps, gull^, cablcKiOvering tite^ 
sinks, cattle troughs, etc* The B^gal and Madhya Pradesh pot¬ 
teries alone have a capacity of over 30,000 tons of salt-glazed pips 
per annum, the equivalent of i,5no miles of4-mcli diameter pipes, 
each two feet in length. IntMw salt-glazed pipes are made to 
British standard specihcalidns and imports of thw character have 
practically ceased. The Ikct that great dlici like Calcutta and 
Madras use the homemade material throughout their entire sewer¬ 
age systems is sufficient evidence of its quality. Exports already 
reach Burma, Ceylon and Malaya and could doubtless be further 
expanded, while the internal demand for ^t-giazed pipes and 
sanitar>^ ware in general will grow as the large schemes contemplat^l 
by both Central and State Gov&mncnts come to be realized- 


CHINA CI^AYS 

The belter qualities of earthenware are made by firing mixtures 
of white-burning plastic days, such as ball clays, china clays, quartz 
{or some other form of silica) and feldspar^ SimiUir raw materiabj 
in different proportions, are used in the manufacture of china and 
porcelain, though they are then selected with greater care^ processed 
more thoroughly and fired at higher temperatiifes. Earthenware 
^ies are porous and for this reason must be coated with a glassy, 
impervious glaze, but porcelain and china have dense, white, idtri- 
fied bodies impermeable to water. Porcelain has been described 
in short as white, tmnsluoenq vitrified pottery* whereas vitreous 
china, though wlutc and denre^ is not translucent and is used fot 
such products as insulators and sanitary ware* 

As lon^ ago as 1839, the Court of Directors of the East India 
Company in liondon^ alarmed at the expense of supplying wares 
Irom Europe, specially to its Medical Department in IndLia, ordesred 
the manuteture of efficient mbstitutes on the spot, the primary 
objective being the improvement of such local products as were at 
that time available. Various samples of clay fiom Colgong, 
Rhotasgarh* Madras, Moiilmem and even from Singaportr were 
Kcordingly tested in the laboratories of the Medical College in 
Calcutta and experiments made in glazing them. About thb time 
a successful poitinyw-as established at Fatci^h, in the Farrukhabad 
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district of Uttar Pradeahj where lable-warcs and glazed titcs were 
z3iadc in addition to ordinary stontw^are. Another pottery was in 
operadon between tfiSo and at Patharghatta, in the Bhagalpur 
district of Bihar^ whore china ware^ and poredain for scletiiific 
purposes were made. Patharghatta Hj It * where kaolin is found both 
in weathered gneiss and in overlying seams 3 or 4 feet thick, is on 
the Ganga near Colgong and it is still today one of the sources of 
the clay for the Calcutta works of Bengal Potteries Lid^ a conceni 
w^hich 50 years ago produced table-wares and china ornament 
using china day from ^langal Hat in the Rajmahal Hills. A list 
of the many potteries using china clay at the present time is given 
in the table on pages 381-5. 

References to deposits of china clay and kaolin are numerous 
enough in Indian geological literature to embarrass the compiler 
and It is only possible to make a selection of them h^c. Before 
doing soj hofwever, it should be explained that although the two 
substances are often grouped together and although Ici^lin (using 
the term to Include hoxh kaolin!te, AljOg. 2510^.2 H^O, as well as 
other doKly related silicates of aluuimium) forms the greater part 
of the true china clays^ their chemical composition varies consider¬ 
ably Potters, therefore, finding from experience that some so* 
called china clays arc unsuitable for their particular purposes, 
separate the two, with the result that though any white-burning 
emy liiay be termed a * china clay^ by them, a true kaolin must be 
highly refractory and should show no signs of vitrification under 
a temperatme of 1750'’ G. "Kaolin" is the principal ingredient in 
china and porcelain bodies. Typical white household china, for 
example, consists of kaolin or china clay, 50 per cent; feldspar 25 
to 30 per cent, and silica (quartz or flint) 20 to 25 per cent- This 
IS a composition which, ftred at 1400“ C., gives a vitrified, 
Uarulucem porcelain, one in which all the porc^ in the body are 
mled with a gla^ bond and which possesses little or no absorpLion. 
In ^tual practice neither china clay nor fddspar is theoretically 

f jurc. The form^ often contains both silica and feldspar, and the 
ft tier may contain both silica and clay, 50 that adjustments have 
to jw made accordingly* As a matter of comparative interet and 
|o illustrate the difference in the mineral compoaition of true por¬ 
celain and earthenware bodi«, it is added that the average com¬ 
position of &\^c typical English examples of the latter shows china 
clay, 28 per cent; plastic ball clay, 33 per cent^ flint, 28 per cent 
and pegmatite 11 per cent. 

Kaolin has many other uses outside the ceramic industry and 
these are dealt with on another page. The white, compact, impure 
clays grouped together as the ' tithomarg^^ \ and often fo^d at the 
bases of lateritc exposures, are stated by some authdriiies to be 
Unsuitable for pottery manufacture, owing to their lack of suspens* 
ibility in water after fine grind ing. On the other hand, some special 
varieties of lithamarge such as those from Tikaria, in Katni* 
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Manv'ara, Madh>'a Pradesh, are reported to make exeellenl tiles 
and brkli^ though not for refractory purposes. 

About a quarter of a century ago, that is during the five years 
ending the average ammaL produclioi] of china clay 

was tzfi^o^o tons. The annual tonnage tends to flnciuaTe widely 
with the rise and fall of internal demand, but on the whole there 
has been a steady incrcajie> sJutiati by the fact that the average 
annual tcimage for the five years ending 1948 Wi'aa over twice the 
former figure^ or 58*885 tons, compared with 45,27a tons for the 
previous quinquenruum. The output in 1949 was 42,396 
valued at Its 11^73,786* Twenty yean ago Madh^'a Pradesh 
headed the list of producers w ith 27-3 per cent of the total output, 
followed by Bihar and Orissa with 24-6 per cent and then by 
M>-sore (15-3 per cent)^ Bengal (14'8 per cent)^ Delhi (9-8 per 
cent)* with smaller auiounts from Vindhy^ Pradesh* Madhya 
Rajasthan and Madras with Andhra. For the five years 
ending 1948, production was distributed as follows: Bihar 39-O per 
cent, M^-aone 54 '5 per cent* ^iadhya Pradesh it - o per cent* Ortssa 
with the Eastern States Agencies 5 ■ 7 per cent, Madras with Andhra 
3*5 per coit, Saur^hcra 3-4 per cent, Rajasthan 2-8 per cent, with 
the remainder divided in sutler amounts between Delhi, Bombay 
with Baroda, Hyderabad, Travancore-Ck}chin, Vindliya Pradesh, 
Madhy'a Bhmat, Kashmir and Uttar Pradesh« 

In the Rajmahal Hills of the Santal Parganas of Bihar, kaolin 
has been found at many plaoes as a decomposition product of feld¬ 
spar in schists and gneisses, as well as in sandstones of Gondwana 
age. Such w^hite sandstones are crushed and their kaolin content 
of iQ to 15 per cent rceovered by washing at Kfangai Hat, by the 
Rajmahal Quarta, Sand and l^lin Co. Bengal Pottiadcs Ltd 
derb^e some of their supplies from this source, where, it is estimated, 
at least 264,000 tons are available. Among the mtcr*Trappcan 
ocemrences of the Rajmahal Hills arc the grey and white clays of 
MirzachawkJ, in the Santal Farganas, where there arc nserves of 
435 *^'™^ tons, while other interstratified seams of white clay, 4 
5 feet thick* are found near Hura, Dudhan* Karanpur* and Katan^b 
along the western margin of the Hills. I^mc of the best kaolin in 
Bihar comes &oin the Mat Gamaria neighhourhoixl of Smghbhumi 
where it occurs in deposits eximding 10 a depth of 70 focL Many 
other localities are known in both Singhbhuin and Seraikela^ most 
of which arc ifi granite or rocks adjacent to it, and they arc the 
results of pncumatolyiic and hydroihcrmal activities contemporan¬ 
eous with the intrusion. Their exploitation forms the basis of a 
small but flourishing mineral industry. Cliina clay also occurs at 
a Qiimbcr of places in Manbhum, and at one of them* near Dhatara, 
D. lU S, M^ta has stated that the nsser^^es are large and of good 
quahty* The kaolin of Pathaighatta HiU, a few miles ^ow Col- 
gong, in the Bhagalpur district, w^as first won m 1859 and the 
reserves remaining today arc estimated at 950,400 Cons of washed 
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mincraJ, About one mn iion tons exist in the ne ighbouring Kasri Hill, 
where, aa in the fonner case, they arc assocLaled with decomptBcd 
feldspathic gneisses. Small occurrences resulting from the decom¬ 
position of granitic roolcs are also known at Samukhia and SadetTwa, 
in Bhagalpiir, and at Haridih and SursU] in the Ranchi discrict^ 

In Orissa, the kaoUn deposits of Keonjhar, Gangpur, Sambalpur 
and Koraput merit more attention than dicy have hitherto rccth^p 
though material of good quality is bring obtained from the vicinity 
of Karanjia and Joshipur, in Mayurbhajij, and from a deposit in 
decomposed granite about a mile north of Keonjhar town itsrit 
Western Bengal has china day deposits at Majmura, Beriathol and 
other places, in the Batikura dustrict, while scmie of the slates of the 
Baling Series in the D^«ling district break down into white clayi 
of imcertaiji composition. White clavs mottled with iron string, 
probably a Vp^eathened product of Local shales, found in the neigh¬ 
bourhood of Agaiitala, in Tripura, are moderately plasdc and 
infiuiblc at igSo^’G. 

In south India, perhaps the most impKsrtant deposits of china 
clay are those of Trasmicore, where there arc occurrences hero and 
there along the coast from near Changanacheri in the north to 
bej'ond Trivandrum in the south. Derived from the alteration of 
Archaean gneisses by the action of infiltrating ground waters, they 
still exhibit traces of the original gnrissic bandingt angular grains of 
quartXj specks of ferrugiuous matter and fine flakes of graphite. 
The hot deposits arc at Kundant, Varkak and other places where 
the porouSp water-bearing Warkalli sandstones ovculie the gneisses. 
The primary, kaolin-bearing material is up to so fcet in thickness 
hereabouts but it becomes more and mote impure with depth as 
it grades dofwnwards into its gndssic basement. After suitable 
refining treatment the avorage yield of good day is about 25 per 
cent. The Warfcalli sandstones tbcmselves contain independent 
beds of bluish^ plastic cUy^ up to 10 feet m thickness, at Kundara 
and PadappaJtam and this material is utilized as ball eby^ I>epoaits 
at Kundara and Chathanoor, in the Quilon taluk, have been 
worked on behalf of the Govcrnmcni of Travaneore smcc 193 ®^ 
producing various grades of processed clay suitable for any of me 
mdustries making um of the material. A well-equipped pottery 
opmted in connexion with the clay works makes porcriaiq, 
sanitary and electrical waro as well as refractory products. Further 
expansion of th^ ceramic work^ is conicmplated by the Govern* 
ment, while investigation of the clay deposits is in progress. 
China clays art widely distributed in Mysore, and the State 
Porcelain, Factory derives its kaolin irom mints at Arjunabetta'^ 
halli and GullahaUi in the district of Bangalore- There are Jtlso 
important open-cast workings at Bageshapura, m Hassan district, 
and other deposits exist in the Malnacf region, near Narasim- 
harajpur, Koppa and ThirthahaiU, as well as near Melkote 
and othi^ pUcca in Mysore district. A soft, alkah-ridi clay 


376 US£D IN CBKAKiCS ETC. 

contamiiig potash (KjO) 6 to § per cents alumina 30-33, silica 43-46* 
ferric pjtjde 3-5, magnesia 6-5 and manganese oxide (MnO) 3-67 
per cent, is available in large quantities in manganese ore workings 
ne^ Karekurclii and JandTar* in the Tiimkur district of Mysore. 
It U probably an alteration product of phyUite aiid^ according to 
Radhai^hna^ may be of use in the ccTtimic industryni 

Madras possesses large reserves of crude china clay in the Tri'^ 
vcllorc and Sripemmbudur taluks of Chingleput district, and in the 
Tindvanasn and Cuddalore lalnks of South Arcotj whene the total 
reserves are aaid to be of the order of 25 million tons. The East 
India China Clay Co.^ of Nchikuppam in South Arcot, utiliira 
clay feom rocks of Rajmahal age. A greyish-while^ plastic clay 

been worked for many years at Punya&hctranSj in East Goda^-ari 
district^ Andhra, and is us^ as an ingredient in the manufacture of 
graphite crucibles in Bombay. China clay is also produced in the 
IPhone taluk of ICurnool district of Andhra and there are unall depo¬ 
sits in Nellore, Visakhapatnanij Salem^ Cuddapah and the Nilgiria. 
Good china clay is alw to be obtained ^ong the watem coastt 
between Nileshwar (Pudukai) and Hosdrug, tn South Kamra, and 
□car Ca^anore, in Malabar. In the latter district it is quarried 
near EUmala, P^ayan^di and Kannapuram; in the former, near 
Pudukai, the Hindustan China Ctay Works and other concerns have 
their properticsH 

Hyderabad possesses china clayi in the Nalgonda district, while 
a^ deposit at Ramthana fernishes material for the paper milb at 
SirpuT. Others arc known near Srirangapur and Kutidrug, ifi the 
Paigi taluk of Gulbarga^ and it has been daimed that the litho* 
marges from below the lateritc blanket of the Vikarabad-Bidar 
plateau are suitable for ceramic and other purpow. 

The occurrcncjes of Bombay include those of Rcralgi, in Bel- 
gaum I Kfalvan, in Racnagiri i Honawar atiA Rock in North 

Kanara, while the Roli-Ransipur work^ in the Sardarpur taluk, 
Mdiaana distnetp Baroda, supply high-grade clay to most of the 
potters m the Bombay State as well ss to various other kaolin- 
wnsuming industnes. The washed clay's of AisorLa and Eklara, 
In Idar, have similar uses, not only in ceramic work but in aiaings 
for tcxdles and as fillers for papcf^ mbba-, linolciim, soap and 
cosmetics, as wcl I as for pastels and pencils. The clays of Junagadh, 
Bhavnagar and of Raj pur, near Kankavati, in Dhrangadra, Sau- 
rashtra, can be miide to yield pottery material of geed quality by 
suitable treatment, hut samples from various localities in Ruich 
appear to be of a Lithomargic charactet rather than real china clays. 

As a general rule, the feldspars of the R^asthan pegmatites arc 
lardy sufficiently altered to yield good kaolin, but those of the 
r^ion Mudt of Ddhi form an exception, and there are also a number 

localities^ such as Buchaia and Rasnu, In J.aipiir, where the 
^neral has been won by local potters. The kaolin mines of 
tUsumpur, near Delhi^ in aliei^ pegmatites intrusive into 
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duartiita^ were probably worked in the timeanf the Mogul cmperDra 
and tdday* with Others at Masoodpur and tlsewhefe^ supply the 
needs of the Delhi and Gwalior potteries. Gwalior, in h-ladhya 
Bharatj moreover^ has its own china clays at Balakibawri and Nao- 
gaon. Kaolin is known to occur near Hardaspur, Dhar district^ 
Nfadhya Bharat. * * ^ 

In Vindhya Pradesh^ kaolin from Katoli is used by Onenuu 
Potteries Ltd at Chandia in Rewa^ and other deposits are^worked 
at Majpara and Amirthi^ in the ^tna district. The white clays 
of Upperr Gondwana age of the Jabalpur and Chhmdwara districts 
of Madhya Pradesh have already b^n referred to. The felsilic 
rocks of Hithapaihar and those between Jungera Ntalan 3 ^d 
Bhandaritolaf in the Drug districL yield white clays^ as do similar 
rocks west of Markakassa, in Nandgaon. These clays have a good 
plasticity but fuse about 1400'^ G. The Ghunar poiierjcs of ^e 
Mirzapur district of Uttar Pradesh make use of a loc^ clay, China 
clay also occurs in the Dudhi taksil in the south of the same district. 

Large cjuantitics of eh in a clay occur in the Udhampur district 
of Janimiij, Kashmir^ in beds 4 to i S leet thick, constituting the 
lower portion of the Bauxite Series, which overlies the Great Lime¬ 
stone and underlies the C<^ Measures and the Numinulitita. It 
is well exposed in the Chaker,. Sangermarg, Salal and other areas. 
Underground and surface w^orkings at JangalgaJlij begun about 
1938^ supply the Kashmir Potteries where ornamental til^ m- 
sulators, porcelain and other white wares arc made. Kaolin de¬ 
posits have been reported to exist in the Lipa area, in Bushahr* 
Himachal Pradesh, 

In the Punjab there are small deposits in the Mjanwali and 
Nurpur districis; in the North-West Frontier Province, kaolin 
occurs in the Xhyber Agency and is used by the potters of Peshawar; 
in Lahore a clay horn the eastern part of the Sit Range is utilized* 
China clays are also known to occur in Hazara and Kohai, while 
good material of a plastic^ baJl^lay type is found in the Sheik Budin 
massif of Bannu. In Sind, china clays have been reported firpm 
the Karachi^ Thar Parkar and Dadu districts; the last, in association 
with sandstones of Nari age, is exploited and used by the potteries 
in Karachi. 

China cla-^-s resulting from the decomporition of granite were 
worked at one time at Yinnyein, That on district, Loww Burma. 
Similar deposits are to be found in other parts of the granitic ranges 
of Tenasserim though they have hitherto received little or no 
attendon. 

A number of potteries now produce porcelain products in India 
and at some of them the moat ruodem types of electrical and gas* 
fired tunnel kilns have been installed. The largest works are xhox 
of Bengal Potteries Ltd, at Cientta, where all kinds of domstic, 
hotel and medical china are made, as well as high* and low-lension 
insulators and other electrical porcelains. Other leading makers 
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£iTe Burn ^ Co* Ltd ofRaniganj; GwaJior Potta’ies Ltd, ypcciali^ing 
in coloured ortd painted domstjc wares, glazed wall tiles and 
dccorarlvc articles j Sodepur Porterics, of Calcutta^ where large 
quantities of utility domestic and hotel wares are turned out; 
Jayasrec Potteries Ltd^ Bombay Potteries & Tiles Ltd, Parasuram 
PotCerleSp Morvi, Saurashtna and the Stale potteries in Bangalore, 
Mysore and Ktmdara, Travancore. 
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BALL CLAYS 

Ball clays are finc-textured,^ highly plastic days of decritai origin, 
greyish or dark coloured as found but which assume while or very 
pale tints when fired* They arc often Ircc enough firom impurities 
to be used in their naturai state, but when sandy materials arc 
present with them they can usually be removed by washing and the 
of settling tanks. These days are said to contain mote silica 
than refined china clay and their silicate of alumina is lately in 
^^p^'phous condition. Pipe clay b an exceptionally purei 
whiiCj siliceous hall clay once used in the manuiaeture of tobacco 
pipes. Ball days are used in the manu^tume of fine earthenware^ 
ctuna and porcelain, to increase the plasticity of the rhir^a clay and 
othCT ingredients of the body compositions so that they can be more 
firingp and also to add strength to them after 
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Until the very' numerous cw;ciiircnoes oF^condar^' pottcr^s clay, 
alrcadv located by geologist throughout India, have received more 
attention from ceramists than has hitherto been the c^. it is im¬ 
possible to distinguish separately those v?hich properly ^long 
ball clay group, and doubtless some examples already dc^riM 
under china clay wlU eventually prove to belong to it. In the List 
of Works using Indian Glay^ a number of ^o^ahua arc 

given from which various concerns obtain ^elr supplies of bail clay 
at the present time, and a fmv further details are added beloi/^ _ 

K. L. Bhola has described true ball clays from Jodhpur. Rajas* 
than, where they form two horizons In the Vindhyan i^ks at 
Khajwana^ Indawar and other places, as well as in the Mesozoic 
rocks of the Barmer-Sheo area. These days, from a quarry at 
Gunga, in the Shco district^ have been market!^ since iqiiB. “ . ^ 
clay's arc also exploited at Rampardup Vagadia and Bagjgela in 
the Zalawad district of Saurashtra; at Pasegaon in the Adilabad 
district and at Ralcpci in the Asifabad district of Hyderabad ; at 
K.oodappuzha in the Mukiindapuram taluk of Cochirt, at Athi- 
gathur in the Trivellore taluk of the CInngleput dberict of Madras 
and at Gadala in the Cuddapah district of Andhra*^ Other occur¬ 
rences which merit attention include thegrcyish-wlutejplastieemys 
of PunyaksHctram in Hast Godavari and Chwaraka-Tirumala m 
West Godavari dislrietj Andhra > the wldte clays of Hasta^ram in 
the Cuddapah district of Andhra; certain clays below the Ternary 
rocks at Kundara, Travancore and the plastic clays of the Lakhan- 

pur forest, Banda districtt Uttar Pradesh. kt u w 

Bali clays arc known to occur in the Bannu district. North*West 
Frontier Province^ Pakistan. 


THE TRADE IN CERAMIC PRODUCTS 

In the rollav^ing table the average annual values of kpporied 
earthenware and porcelain goods* as weU as tiles of all kinds t<H 
gether with firehricks. are shown for the years between 1903 
*939 ' They reached their maximum of over Rs 1 crorc per annrm 
in the decade 1919-29^ falling to an annual average of about ^ ^9 
lakhs over the decade preceding the second world war. At th^ 
time, in so far as pottery is concerned^ the imports in * 93 ®^ 
consisted of white ware, valued at Rs 30,34,000 and wxighing 
approximately 11,000 tons^ porcelain insulators, Rs 
and 650 tons - sanitary ware, Rs.B ,80,000. and white, glazed tile* 

T^e imports were derived mainly from the United ECingdom 
and Japan and as the war dc^'eioped the trade came to a standstm# 
During its continuation the production of the IncUan pnottenes 
increased gready;, whitewaxe from approximately 2,oW tons m 
1939 to 5^640 tons in 194$» and insulators and stoneware from 2,200 
and 4,500 tons to 8,300 and 5,400 tons respectively, m the same 
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period. The Panel on RcEractoriea and Geramieg, reporting in 
* 34 ®> ifBCOmmcnded an incfcage, above the 1946 production, of too 
per cent m the output of whiteware and stoneware jars, and of 75 
per cent me output of insulators, to be attained at the end of 
5 ^tars, aiding at the same time the Ibllowing caution; *We feel, 
howwer, that unlew the industry takes steps to improve the present 
q^ity Of Its t^i^tuTc, especially of pottery and to some eatent 
^ imulatoia, Ac chances of dniclopmeni or expansion are not very 
bright. «ith ita present quality of manulacturc, Acre is very 
little ch^ce for Ac industry to stand Ae competition of foreiEh 
goods which may be imported in large quantities in the near future.' 
^npt Ae mwy commendations of Ac Panel to bring into 
Its desirable enA, none « more important than Ac propoUl 
materials, clays, felApar and quartz, should be properly 
^ned, sorted, processed and standardised. After Ac warr^- 
be^ to reappear in Ac Indian markets, and for Ac three 
Qrthenware and porcelain goods alone had 
att^ed a total annual aiwagc value of Rs 35,317700 once more. 

Research 

l^tu e in A^t 1550, a wdl as Ae activities of the Indian 

potteries not only 

to samfy the home demand, but to build up m export trade 
Maiwalwf^lf* ^ die terracotta manulacturcrs of Malabar and 
h... U. U,. cw »r *,1, o™, p.rtkal»T 
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FELDSPAR 

1110 felApars are Ae most abundant of Ae rwlr {Xrmini# min 
cr^ and comprise a group of silicates all of 
tnimum and various other eonsiituS ” S,Av ^ contain alu- 
« calcium or mixtures of Acs* elements The 















LIST OF WORXS USING INDIAN CLAVS, REFRACTORIES, ETC 

[iiHXRnptcie) 


Siciiuioa of CanfBii 


Artkid mado 


of 

Haw MateHaU 


Bengal firebrick Gd-i Kultlr 
Burdwaii^ W, Baigal 

LaJ Kod Smea WorK 

Rai%Bzijj Burdwan 

Ranifluj Pottery VVorke, 
RjmigaoJ 

Bcagml Poitcrica Ltd, 
C^cutU 

Cakutta Panodain Wofka 


SodepuT Pottenef, Calcutta 


Firebricks^ 

Ec&actofy good* 
Sumcvnjc & piptii . i 

Fottoy oT all kiodi .. 

rroulaton, lamtuy 
wire, crockoy 

Pocedtain, crockery .* 


Gi B, Etaw^ Hw^ily 

Bihar Firebricki & FcitteciEA 
Ltd, MiigttiB, Manbhum, 
Bihar 

Bosgal Bihar Firebridi & 

PbttEry Workij Mugma 

Bharat Firebrick & Pohery 
Work^ Jbaria^ Maabhum 

GulfuIbBii Fkchrick Worka, 
Maubhiim 

Jauhar Firebrick & Rc&ac- 
toiy Work^ hfugma 

Jbai ia F irefariok h Pottery 
Works, Jhada^ Manhimm 

Kum a r dhubl Furbrick & 
Silica Worki, Maabhum 

R Hi a nca Firebrick & Poi- 
tcry Co, Ltd, Chaoch 
Barakar, Manhhum 

Jubbulporc Pottery Works 
Ltd, SiCadhya Fradcih 


Hollow bridri ^ tEca 
Rebactory goods, lire 
ectneoti^ 


Firebricks 

Firebrkki 

Firebricks it tOca 

FircbriclEs 

Firebricks .. 

Fircfaricks, silica brirka 
and kyaujCe Trirai> 
toriea 

Finbridu^ breday 
nnoftaxs & cccse&ta. 
Acidprdof bricks i£ 
ccmcuti 

Firebekks & aiiMcware 


Local dreclays 
See text, p, 409 


ii P 37* 


n P 373 


China day biom Ela^ 
mahalj Keodpoii, 
urtrl Simtiltala 

Clay Bom Jidor 
(Ahmedahad), Son- 
dimra, K^dpori- 
Fireday &or) 
hara & Sitaramptcr. 

QjUartz fr nrtn Ratb^^dm. 

Roadk Barakai and 
Halijdpukur, Fdd- 
npiU' &g[iD Barmkar 
and Jagdishpur. 
Flint froCD Taljhali 

Rker nlti 

Flredayi Bom Mugc^ 
Ramgarh, Jhaita, 
Katru it P anigarj ■■ 
Bauxite £roca KamL 
Firedayi £roca Ranl- 
S«U 

Fimday Btmt Jharia 


Local Sredays 

Firedayi from Rani* 

KaAi 

Local fireclays 
fice lext+ 409 


Fifcdayi &0Tn Raoi- 
g^i, Jharia -i: Maj- 
fiaza. Bauxite 

Kami Niwmr 

Local days 
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Nanic and 
Sit[jaahfi 


Axfida made 


Petfrti Pottery 
JabalpuTp 


Cb, Ltd, Stoneware [ripcs & 
Madhya fi^oni:a 


Ceramie IjKlunnea Ltd^ 
ChAnd B Madhya Pta- 
dcdi 

Gcniral Foitena Ltd, 
Nagpur, Madh>^ Pradeih 


Anocutcd Ceiucnc Co/i 
Katiu PdiLctiei, Madhva 
Ptadah ^ 


OrittataJ Poit^ia Ltd 

Chaodii, SbahdoJ, Vio- 
dhya Pnidah 

Lhwar Icduitna Lid, 

Ddhi 


Fottoia (Ddhl^ 
Ltd, Ddhi 

Sbi™ Pottery Wodo, 
Hmniyimpore, Ddhi 

Kaar Pottery Works, Nw 
Ddhi 


Cvralier PoEteda Lid, Giid^ 
Midhym Bharat 


Botnbay Fotterii^ & Tila 
Ltd, Bconbay 


Stoneware 


Stoneware & o^^dkery 


High alumiixa rtfrac^ 
iwy bricks for 
cemixt boilei' 

& cupola brides 


Rdrartisry goods 

Firebncki, stcacwwe 
fripes, fire ecmeni * 
magooia cotnpo- 
Btiooi 

Staicwarejais 

RdiraeUiqf ffoods 

SUHieware, crtickeTy & 
rcEractories 


Stoneware plpt^crvck- 
«y. rtc 


Gkud tiia^ pottery 
simitary ware, dee- 
trico) imutatOn & 
xe&ictanes 


Souron of 
Raw Matcriiis 


/ 


Local firedayi & 
hauxicc 


days firoai RiiLarpur 


Qay from Sherada, 
Katol tahnL Oima 
clay from Biuudak, 
Warotm 

Fireclays Grtam Bhpgaui^ 
want, Murwara iahiU 
fi^war in Via^ 
Pmdeth- Bau¬ 
xite from Tiiourij 
Murwam iethil 

Local fimclay 


China days Gt»tn 
Masoodpur, near 
Drlhi. Magiistic 
from Salem 

Local clays 

Fireclays from MchpaL 
pur, Ddhi 

Qtina clay & fireday 
frotD MasoodpiiTj 
near Ddhil Thanr 
^adh, Sam^tra ^ 
Rendpod, Singh- 
bhuck Quart! from 
Daiiu, Ajma^& Lad- 
pum, Alwar 

Oay Eom Bdaldbawri 
and: Kustunpura, 

Ddhi. Quartz from 
Gwalior Sl Ra|a^ 
than 

China day Grtun Kup- 
dara, Tcavancore & 
Thangadh. Tak frots 
Udaipur, 

from Godhra, Fbnch 
Mahals 
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LIST OF WORKS USING INDIAN CLAYS, REFRACTOR[ES, ETO 

(incomplete)— tcrtid. 


Name u d 
Siciuiioo df Concern 


Artldes made 


Sourttii ct 
Raw Mitenijf 


PMbumn Pottery Wfarti 
Co. Lld» ThMi^idhf 2 ^ala- 
wod, Sauraditra 
P^Ttiaunm Pott^ Worki 
Co. Ltd, Mddvij Sauraib- 

tn 


Parthiinm Pottery Woi^ 
O. Ltd, Dlu^gadbnt 
Saimdiua 

Parahurmin Pottery Worki 
Oo. Ltd^ Wapkim^, 
SuiTuhtra 


Stoneware uni¬ 

tary WDLTC^ crockery, 
euL 

RdbictodcPL, itooe- 

wara, crockery, etc, 


Ooctery 


Glued bUev fircbncki 
and stoDcware 


Dirmay Tila S; Pottens 
Ltd, Jajxizu^^ Sau- 
raihtra 


Crockery 


“ea 

tra 


ay TiJci & Pottma 

Vagadia^ Saiii'adL-*' 


Sanliary ware, ttoce- 
waie and r^nctodea 


X^ocaJ fircclaya &om 

Amr^ur, Bagasala 
£ Kcrwali 

Ball day aod Erodliy 
irom Kafaleswar^ 
Makamar and Ude- 

pur ui Saurashtra, 
CHna clayi from 
Vijapur & Jadnr in 
Id^ ^ Kundm 
(Tntvaooare) 

China diy &oeo Vija^ 
pur, G^jo7tt and 
Ktmdara, Travan- 
ooTr-Cochip 
Fireday from Than- 
gadb and Wankaopr 
China clay from Vlja~ 
pur, Jiuiar, etc. in 
Qpjerat 

Feld^ar and quarla 
Boip Nuirwad, 
pH^war and Kfanga^ 
liawaa In ^mCT- 
Merwara 

Quea da-jr Jroni Vtjar 
pur, Gtijerai 
Ha li clay bum k'^a^adia 
Fddipflx and quarta 
from Naiinbad, 
iemwaTr Man^li- 
waj^ etc. ui Ajuter^ 
Merwara 

Fbedny bom V'ngiadia 


& Lime Indtutrioi 
Ltd, Hyderabad 
Ghanninar Pottery Worki^ 
Mettusudii, Atrafbalda. 
Hyderabad. 

Hyderabad Pottciicr Ltd, 
Secimdetabad 
Pw«ati Pbtiery Indurtritt, 
Bctamcherla, Kumool, 
Andhra 

Govemmeat Ceramic 
Wcakf, Gudur, Nellnre, 
Andhra 


Bricka 

Plrebrickf, itonewam 
piped, etCi 

Firebrick^ Mtaneware 
pipei, tiles, etc* 
StoDcwaro 


SanlUiry ware, crockery 


Local tOts & days 

days flom A^labadp in 
Milabad district 

Local days and daya 
fnn Adfabad 
Clays from Mab a pft dl 


China clay b um Kim- 
da^ baH day &™ 
Bhii^olc. Q>iartc 
brum local mica 

TniTWJi 
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(incomplete)— amid. 


Nimie tnd 
SituAticH) of Cmccm 


Ceramio Lid^ 
Kellort„ AndhiAi 


Slocewaire Flpa (ZhCadrw) 
ChLagfeput 


Artidei mAdc 


Sanituy waxc^ crodk- 
cry^ etc. 


Stoneware pip^ mru' 
Uury ware;, porcelain 


SfauTH ci 
Raw Materiali 


Ckiiia dny fruin 
darAi breclay £roEn 
Bhimadolc (W. 
Godavari), quartx 
from Ouatir flllcs 
truna 

Low-fiuibk dayi irom 
AdigAthiLr, near TH« 
vellm & Uramp^U 
(Guddapili), Flr^ 

iday btuii Tindi^ 
vsnam, S, Aroot. 
fThijka clay firnm 
KfindAra. Q^a^tx 
from Gudtir 
Qayi from varioui 
localiEia ui Madm. 

daya from 
Travaocore 
Fireclay from Panrutip 
pear ^udijlialdre 

Slid and cUyi 


Sills and cliyv Cfom 
within 10 milga cT 
the woriti 

Silts & days frofu ti^ 
Mamally rivtf in 

Kmfl jmei CtlllCUl 

taiuhs 

Locai illd and daj^ 


Sdti from the Ouipof 
and Nethrivaihi 
riven 

Firedavi from Peenya 
dt Malur. fiaJi day 
from Y«dva£Ltpur 

Chinn day from fCun- 
daia. Bdl day from 
Hebhur. Quamfrom 
Pemyn 

Qbioa day 6l fireclay 
frna AUdsandrap 
VdvBDtpqr £l Knrc- 
knrchl 


Eajt Tndia DbllUerics A 
Sugy Factneim Ltd, 
Ranipet, N. Amt. 
hCadr^ 

l3almLa Ccmeiil LbL 
D aTmi a p uram, Tirochira- 
palltp hCadriA 

OoromoEiwcalii] Tnist Lidi 
Kozhikode, Malabar, 
MuJtu 

C«liait Tile Co,, Fenibe, 
Malabir 

Ferokc Tile Wodti, Fcreke, 
Malabar, Madras 


Standard Tile day 

Works, Fenke, Malabar^ 
Madras 

A. Albuqumt[ue Sons, 
Mangalore, S. Kaxiara^ 
Madra 

Firebricks fit Poticrici Lid, 
Yesvantpur, Bar^alore, 
Mysore 

Co^’ertuEieat Forcdain 
Factory, Ban^nr^ 
Mysore 

Mysore Stoneware Pipes fr 
Folttries Ltd, Cbika* 
Bangalore, 

Mysore 


Stoneware, add jan^ 
iTockery, eti^ 


alumina hiicksi 
cetn^^cs^ boiler 
bricks^ etc* 

Flowrr-pols, walETw 
ooolersp etc. 

TOop roofing ridgea^ 
crockery, etc. 

TiJo, firebricks, glazed 
rtouewaiOp [npa, etc. 


Tiks^ ridge tiim;, etc. 


Tiles, itodc bricks^ 
icmcotta antdes, 
hoHowbririp 

Firehiieb and tiW 


Poredain crockery «_ 


Krehrieki, siAnewarep 
Unitary wam 
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LIST OF WORltS USING INDIAN CLAYS, REFRACTORIES, ETC. 
(incompIctE)— meld. 


NKOifi find 
SitUAtion of Canceni 


ArtitJa rnadc 


So W oT 
Raw Malcnalv 


Brick ^ Tile Cd- 
Ijtd, YdflJmnka, IkuigA- 
lore, Mywc 

Kolu Brickmaking COh I-tdj 
N^loiikuppanij KoIoTi 
M}' 3 orc 

Asranujn TUe WerH 
TfAvaccore^ 

Government Oraznic Oon- 
Ccindi Kundara^ Tfavan- 
cascc-Cochin 

QoUcbi T ile Worla * Hairi- 

lon & GromBcUid Lid 


tiMkpra Tile Worics, Quiloa 
Standuxl Potloy Viveki 
Ltd, Ahrayc, Codlb 


ELrebrkkfp tiki, tic* 


RcfrAOtCTidfe laboro- 
kofy warej etc. 


Itks, bricki^ et& 


Rcliaetories, porcclw 
crvdcjcry^ clecirioJ 
iofuJatofi 

TiEei, brickijj. eartliefi- 
ware, wwtcr-coolcw, 
fillers^ etc. 

Tila and brkkt 

Fircbnekj, lHa, itopo- 
woro pipA» lem- 
emu wares, croi> 
kcryp etc. 


Local iHu and days 


days from Mdut" and 
H^ote. Bawtr 
from the Sfaevaroyo^ 
K>mutc &001 Myiore 
Siitt & clayi fnim 
Jltbicaiai, RaBada & 
Kamru^F^yp in 
Quilota district 
repeal china cbi>i« 
QuartA torn Mima- 
paral In Tirocbira- 
palU 

SiltE and dayt feom 
Itbicaiai, Kallada & 
fCarunjiNvIly b 
Quiloa district 
Local sUtfl and clayi 
Loral lUu and clays. 
China clay from 
Kuttdam. Quarla 
from M&naparai in 
Ttntcbirapaili 


and albhc; the two former being potnwum aliunjiiiiim silic:ate^ 
with the same jormuk, and the latter the cor¬ 

responding soditim aliunimioni silicate NajO.AI^Oa^BSiOj. 

Feldsp^ is the principal ceramic flux and is employed in the 
fabricauDti of mp^t types of ceramic wares ; larger amountSf how* 
go into the mannfactitte of glass (bottles^ window, plate and 
opalescent glass as well as glass-wares)^ while enamelled articld 
also contain large quantities of the mineral. The world’s prcxlue* 
tion of feldspar in pre-war years had reached half a milUon tons 
per annum and has undoubtedly inencaaed since that timej though 
reliable later figures are not available. In the United States of 
America, in 1939^ glass mdustry consumed 53 per cent of the 
home-produced and imported felspar, the pottery maters took 
34 cent, enamel mamifacturcrs i r per cent for sanitary waxe^ 
household utensils and coating sheet iroiiji while the balance was 
used for scoiurlng soaps and clc^nseiSi sweeping compounds and 
mild abrasives. In Canada^, gS per cent of the *945 production 
went to the glass, pottery and enamel maniilacEurcrs. 

The tranalucency of good pmxclain is due to its feldipathie 
Content, for on fnring this cO’tnmciices to mdt at tcmpcraturei above 
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1200® C- before the other con^dltients of the body—kaolin, whiter 
burning ball-clays and quartz—and in bo doi^ fonm a viscous 
solvent for them. For the same reason h h utilized in the prepay- 
tion of glazes for pot icryi chinavraxop carthenwarCp tiles and similar 
articles^ The glasstnakcr requires feldspar mai^y on account of 
its alumina content. NepheHne syenite, consisting cssen^ly 
the fcldspathoid mineral nepheline 3KajO^K^O,4Al^Of.9^iOj and 
alkali feldspar b also mined in Canada for the glass works and 
potLerics, as it contains 20 10 30 per cent of alumina compared with 
1 7 to 20 per cent in the feldspars mcntiotied, while its higher alkali 
conient r^uccs its melting temperature. 

Most feldspar has been won in the past From gramtic pegmatites, 
but coarse-grained granites are now also made to yield the minerab 
which is separated, after crushing, from the quartz and mica content 
by froth flotation, a method also employed for due improvement of 
low-grade, impure, hand-mined rock. 

Feldspar has bem produced on a small scale in Rajasthan 
a number of years and supplied to the potteries and enamel works 
of Delhi, the former state of Gwalior (in Madhya Bharat), 
rashtra and Bombay. In Mysore, potash feldspar containing about 
13 per dent of potaki (K^O), compared with a possible iheprcucm 
content of tG-g per cent, is obtained from a pegu^titc vein 
at Shettihallip near Chikbanavar, for the State Porcelain Factory 
at Bangalore- These works have other sources of supply at Kxiahna- 
pur in Hassan district, Thondebhavi in Bangalore, Kaiteri m 
Mysore district and at Kamasandra in Kolar, 

Feldspars are present in most of the mii^-bc^ing pegmatites 
of Ajmer-Mcrwara and of Mewar and Alwar in Rajasthan, and as a 
general rule form much of the bulk of the rock, often as laj^ 
cty'stala of microclinc embedded in the quartz cores of the veins, 
Or in masscf abutting against them, or, again, a 5 quartz-feldspar 
intergrowiha efiAvrapplng these cores. Where there are iu> quar^ 
cores their places may be taken by large idiomorphic micTDclincs 
with intenutial quam or albite^ Other types of the pe^ma^tes 
consist of quam-albite inlergrowths. Petrological invati^uons 
and chemiwd analyses prove that the normal Rajasthan feldspar, 
in both its white and pUik varieties. Is a microclinc-pertlutc (m 
inter growth of micrcKlme and albitc). At the same time albitc 
itself is quite common alone, though in crystals smaller tham ih^ 
of the average micrccline, and generally much intergrown with 
quartz. These intergtowihs arc ignored in existing mining opcin- 
tions, which aim father ai the recovery of large, quartz-frec masses 
of microclinc. The mineral is w'On at numerous localities around 
Beawar, in Ajmer-Mcrwam; near Rhaiithal and Tatarpur, in Alw^ 
and from others in Jodhpur and the former state of Sirobi (partly 
in Rajasthan and partly in Bombay). In the opinion of Dr H- 
Crooksharik, Rajasthan possess nnllmitcd reservea of feldspar, 
though only those pegmatites within a few miles of a railway station 
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can be worked profiiAbly undo* cxbdjig conditions. Feldspar from 
the dumps of ihe Rajasthan mica mines is also somelirocs coUcctcd 

far sale, ^ 

Mictocline-pcnhile ocoturing in the pegmatites of graniles is 
emloiicd oti the borders of the Bvirdwi'an and Santal Parranas ois- 
tricts of West Bengal and Bihar, m a belt of country ejctcnding Irom 
the Madhupur-Giridih branch of the Eastern Railway to the north¬ 
ern boundary of the Raniganj coalfieldp The potierra of West 
fengal obtain some of tltcir supplies from ChUtaranjan 
near Barakar, and there arc quarries at JaradLshporc and Mathri^ 
pore, in the Santal Parganas, which yield both pmk and white 
varieties of the mineralH. Soda* and potash-bearing feldspars arc 
available on the K-odenna mica held and its extension into the 
Chakai region of Gaya, Bihar, especially from the waste heaps 
mica mines to which constant addillom arc being n^dc. ^ , 
soda feldspars arc the commoner varictiesp and D- R. S* Mehtas 
recent inv^tigations are not encouragmg as far as potash felspars 
are ctmccmcd. Flesh-coloured feldspars occur abundantly in the 
granite pegmatites of the crystalline rocks on the borders of Man- 
bhunip Bihar and Bankura, West Bengali while to the north of 
Jaind, in south Singhbhiim^ there arc pegmatite veins con¬ 
sisting almost entirely of potash feldspar^ From the Sambalpur 
district of Orissa, B* Roy Ims described giant crystals of ortho- 
clasc and nucrocUne, several feet in diameter, in a pegmadte at 
Fandri. while smaller ones arc to be found at Laikhcm^ Laira and 
Gambharpalli. 

The feldspar quarries of Bum & Go, at Lameta Ghat in ^ the 
Jabalpur disEritt of k'ladhya Pradesh have been in operation since 
[90^ and their products not only supply the ptotteries of Jabalpur 
but are widely marketed in other parts of India, in both the pro¬ 
cessed and semi-prooessed condition. Feldspar has also been quar* 
ried since 1941 at Borgaon and since 1948 at Lodhikhcra, in the 
Ghhindwara district of Madhya Pradesh, Feldspar quarries have 
beren opened within recent years at Dokava, near Godhra, in the 
Panch Mahal district of Gujerat, Bombay^ The depwits are des¬ 
cribed as fiaurly rich and capable of meeting the growing dentanda 
of the ceramic industry 'm that part of the country. 

The commonest feldspar of the pegmatite of the NcUone rai^ 
belt of Andhra is while perthite, followed by pint qrthoclasc in 
which the pcrthitic streaks are not so closely spa™ together, while 
a green perthitic mierddinc is occasionally found. The partially 
kaoliojz^ feldspars of some of the mica mines w'ould, as Dr M. S. 
Kxuhrtan has pointed out^ serve as a substitute for Cfomish Stone, 
so largely used in the English trade for the manulacture of earthen¬ 
ware, porcelain and bone china. The decomposed p^gmatitra 
from Lingapuraiiij as well as those of the Yeirav'a^m neserv^ed 
forest, about 5 miles from Narasapaiiamj in the Visakliapatnam 
districC, w^ould in all probability serti'c a sunilar purpose. 
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V, S. Swatoinatlmn has stated that thr quantities csf feldspar 
available in NcUore and some parts of Mysore are cnoniioua^ 
Potash feldsp^ have been won since 194a at Chettiyapatti and 
Vciigail:tirichi^ An) [ages near Manaparai, in ihc Kulltalal taluk of 
Tinichirapalli district of Madras for use in the teraimc industry of 
southern India, Finallyp, Hyderabad has its own deposits at seveial 
places in the districts of Raichur^ Mahbubnagar and Giiibarga. 

Feldspar has appeared rcgulitfly in the Mineral Returns since 
1930, and up to 1933 the average annual production was 38S tons; 
during the next quinquefiniiun, it rose to 650 tons, over 90 

per cent of which came from j^jasthan and Ajmer-Merwaraj 
mainly from the latter^ In the post-w-ar quinquenniuiiit 1944-8, 
the wnual avCTage l^d increased to 933 tons, valued at Rs io,asi6. 
and in this period Rajasthan, with 36 - 6 per cent of the total;, yielded 
the first place to Madhya Fmdesh with 43 ■ i per emt^ mainly firom 
the Oihindw'ara district. Smaller quantities came from the Hassan 
di^ict of Mysorej the Tiruchirapalli district of Madras, Rew^a in 
Vindhya Ptadesh and the Rundwan district of West Bmgal* In 
1949 the output was 849 toiUi valued at Rs t i,!Oi. 
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QUARTZ 

Quarte, the oxide of Bilicon., SiOg, is the commonest mineral in 
the earth‘j crust after the members of the feldspar group, forming 
the greater part of the smidstoncs and quartzites as well as the sands 
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of the sea shore Md rivijr vallcrys. Most gramtes contain over one 
third of their weight of quartz and it is present in many other 
igneous rocks. It is the source of the elExocnt silicon, i tself a con¬ 
stituent of many ferrous and non-ferrous alloys^ while its compounds 
include many of great Industrial importance such 33 silica gel, water- 
gJass, the carbide (carborundum) and the silicones. Bcaidca the 
uses of aihea for abiasiver rc&actory and absorbent purpc5« (as in 
the manufacture of dynamite)| and for commoner applications^ 
such as concrete and mortar mbetnresp artificial stone^ 3and stowing, 
filtering and moulding purposes^ etc.^ it is an essential raw material 
for the glass manufacturer and for the potter^ especially in the pre¬ 
paration af earthenwares and porcelains. In six typical English 
earthenware bodies the proportion of silica (flint} ranges between 
and 3B p>cr cent, while hard porcelain for table^w'are may contain 
from 20 to 25 per cent. Silica b used in potteries either in the 
form of sand, sandstone, quartzite, flint or quartz* English pouens 
are said to prefer silica in the form of calcined flint, whereas in 
other countries sand^ properly crushed and purified, or quartz, 
reduced to povrdcr, b in more general use. 

Sands and sandstones suitable for glass manufaciurc are des¬ 
cribed separately, and in many of the regions occupied by the 
crystalline rocks, quartz veins ejtist which are capable of supplying 
material almost completely free firom impurities. The pegmatite 
veins mined for mica in Bihar and Andhra, and for mlcat beryl and 
feldspar in Rajasthan, contain great quantitica of quartz buried in 
the spoil heaps of the workings. Dr H. Crookshank has stated that 
in Rij£^than quartz is available in any quantity or degree of purity 
that might be required. The potteries of Delhi and the glass works 
of Agra alike obtain their supplies from Dausa in Jaipur. The 
mineral has also been quarried for the past ten years at Nundri 
Maldeo, in Ajmer-Merwara, In Bihar, large quartz veins occur 
in the Stnghbhum granite add others are known in the Ranchi, 
Manbhum, Hazaribagh, Santal Parganas and Monghyr dbtrictSv 
Quarrying opetadons in pegmatites, undertaken primarily for their 
felspar content, often work quartz as a by-prqductj in this way 
It is won and marketed from the Jagadlshpore and Mathroopur 
quarries of the Dumka area, in the ^ntat Parganas, and finom those 
^ Lamcta Ghat, in the Jabalpur district of Madhya Pradesh, 
Quartz of special puri ty been observed in veins around Jhar^ 
aagu^ Rengalh Gumlai, Naikpara and Parmanpur in Samb^pur 
and Ln the adjoining areas, while from the vicinity of Dalapur, in 
Koraput, Orissa, Dr A+ R, Dey has described practically pure and 
easily crushed quartzites. The Government PorccJain Factory at 
Banj^ore, Mysore, obtains its supplies of quartz from mines at 
Pemya, near Yegvantpur, 3 miles away. The only Impurities in 
this quartz are per cent ferric oride and 0*5® per cent alumina. 
The Mysore Glass and Enamel Works quarry' their own supplies 
at Sonnchalli, near Kengeri, Bangalore chsirictH 
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SiUca melts in the oxy-hydrogen blowpipe to a colourless glass^ 
quartz which has an extremely low coefficient of thermal 

expansion, so that it can be rapidly cooied without eradcingp It is 
us^ in the construction of articles^ such as laboratory ware, in 
which resistance to sudden changes of temperature is dcslrablcH 
True glasses rcsistarLt to similar thermal shocks contain notably 
high amounts of silica and are mcreasingly nsed for oven and 
domestic ware* Quartz glass is used for the manu^cture of fibres 
and threach cmplo^'csd for suspension purposes in delicate electrical 
and other instruments^ Quartz wedges are used for the determina* 
tion of certain optical properties of minerals in polarized light. 
Both transparent and opaque fused quartz products are made on 
a lai^ scale. The best optical qualities of the formeTt such as tliose 
required for icnseSj prinnSj etc., arc manuiactured from selected 
quartz crystalSj calcined and ground into powders which are then fed 
into special oxy-hydrogen blowpipe furnaces and built up into smalt 
billets. The normal qualities are made up into tubingp chemical 
apparatus and quartz wool for high-temperature insuJatioit- Non^ 
transparent silica tubes or pipes arc formed from selected sands 
{99'7 per oent silica) in steel roiating furnace tubeS;, heated pro¬ 
gressively by an electric arc. Crucibles^ basins^ etc,, arc preshaped 
and then progresively sintered and fused in another type of furnace 
by the same means. The puncat natnraJ varieties of quartz, known 
as rock^ cry-stals, have important industrial applicaliofis dependent 
on their piezoelectric properties; otheUi arc valuable as semi- 
precious ^ones. Both of these are treated separately^ 

Silicon carbide, or carborundum^ SiG^ produced by the fiisian 
of mixtures of sand and coke in electric arc furnaces, is one of the 
more important abrasives as it is nearly as hard as the diamond:, 
but it is also widely employed as a refractory material. It has high 
thermal conductivity (four to ei^t linies that of fireclay) and only 
dixomposa towards aooo* C. in a reducing atmosphere. Bonded 
with clay it is made into bricks and shapes by the various methods 
employed in the ccranuc industry^ It is used in the construction 
of saggars and other kiln fumitme:, for the muffies of muffle ovens, 
etc., after being fired at ttmperaturia of 1400^" C. to 1600° C- 
borundum rods are also utilized as rcsbtanee heaters in iodustiial 
furnaces5 carborundum bricks (which often contain S5 to 90 pe^' 
cent of the carbidc)j. conduits and condcnscrsij in the coustniction 
of zinc smelting retorts; and carborundum pots in the melting down 
of gold bullion^ because of their mechanical strength^ ability to with¬ 
stand successive heating and cooling, fiecdom from internal 
and eaic of scrapingp 

Quam fused widi sodium carbonate (scxla ash) yields the water- 
soluble silicate of %>da^ Na^SiO^* or water<^Jass^ and when a solu- 
Lion of dm is treated ^vith hydrochloric acid a very voluminous, 
ge^tmous mas separates out which 11 known as sUica gel? 
nHjO; on drying it forms a fine, whitCj amorphous powdcr^i Silica 
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gd possesses the remarkable property of absorbing water and U used 
for the dehydration of mdustrial gases. It can also adsorb sub¬ 
stances rrom solution* such as sulphur from petroleum products. 

By hating the preclpiiatcd silica gel under pressure at high 
temperatures, colloidal dispcisions of silica in water art obtained^ 
and when dried out, films of this amorphous silica prave to have 
lost the original abrasive character of the mineral and to have 
devdoped marked hrictlonal properties. Such silica sols have var* 
iQUS appUcationa in industry, especially in woollen mills, for their 
application to loose wool before its processing causes an increased 
drag between the fibres during spinning, resulting in a stronger 
fibre, fewer breakages of the yam during spuming and weavir^* 
greater operational efficiency and better wearmg qualities in the 
finished cloth. SiHca sob arc also employed in the processing of 
rayon* nylon and glass fabrics and m the preparation of Boor pol¬ 
ishes to give sUp-rcsbtanccp 

Amongst the organic compounds of silicon^ the silicon esters 
arc important, for some of them are easily reconverted into silica 
in the presence of water. Ethyl sHicat^ for CKample, is a colour- 
Icsa^ mobile liquid w^bich is used U> impregnate stonCj cement, 
plaster or aimilar materiab* the pores of which It fills with glassy 
silica and so rendeis them weather- and water-proof. By mixing 
ethyl silicate with refractory powdm, or high-grade ceramic agg^ 
gati^ workable bodies of exact composition are obtainable which 
do not shrink during drying and firings points of particular im- 
portanec in the preparaiJ on of moulds for precision casting. Ethyl 
silicate is also used in the manulacturc of fluorescent lighting tuba, 
to supply au ai^csivc coating of silica between the glaa and the 
fluoresceni pigment, and, again, to give an internal coating of 
silica for * frosted ^ electric light bulbs. Some of the more stable 
silicon esters, the aryl and higher alk>'l silicatai are said to show 
promise as liquid media for heat^change and hydraulic systems. 

The sliiconca are defined as polymeric otganosiloxancs of the 
general type (RjSiOjtip where R may be one of many hydro- 
<^^bon r^jcals. One method of their manufacture starts with 
silicon tetrachloride, SiCl^ a colourlos liquid obtained when an 
indmate mixture of quartz and carbon is heated in a stream of 
chltmncp The next step is the replacement of one or more of the 
chlorine atoms by organic mdic^ ; the resultant organosilicon 
chlondcs are hydrol^’Scd to silanols which condense mto the poly^ 
siloxanm or aUicones. According to Dr J. A. Qardneri to whoK 
recent writings we are indebtedj, the foundatioos of organoailicoQ 
chemistry were laid by the English chemist Kipping m the years 
189^1544^ but it was only during the last war that their v^ue 
re^Iy became apparent, maiiily as the result of work by American 
chemists^ and it was not imtil about 1943 that silicones generally 
c&mt into industrial prominence. Today they are obtainable as a 
new class of inert liquids, greasa, rubbers and resms, chameterized 
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by high thcmial sial^qr^j water-repellent propemea and electrical 
resutancc. ^e Eidd sili cones arc of value ax hydraulic liquids 
lubricanti to operate in iixtrenie cold^ as they remain 
mobile below -loo^ F.^ which accounts for their use iu aircraft 
flying at high altitudes. They prevent surfaces from stkkbg 
together and are valuable as mould release agents, whether it be 
uc^ the tin of ihc bread baker or the trLtrleate patterns of the 
rubber manuiacttircrH They are employed qonuncrciaJIy in the 
waterproofing treabnept of nylon, acetate rayon and other fiibrica, 
^ ™ porcelain electrical insulators liable to be covered 
wim nlrns of condensed watcr^ As foam suppressors they arc 
umizjpi m ^e paper, textile, brewing and other industries, where 
earning is liable to occur,^ Silicone films are chemically Inert and 
some of the na^ral silicates resist detertoratiDn on prolonged 
exposure to weathering, properties used to advantage in the manu- 
lacturc of car finishes, fumi Hire polishes and so forth. By suitable 
treaimen^ the Liquid silicones can be process^ into silicone greases, 
resins and rubbers. The former do not meh when heated and 
are resistan t to oxitktion and the action of acids and alkalis. The 
n^ns can used in the liquid condition as impregnating agents 
W'luch On baking withstand the action of heat or "water to a far 
great^ extent than ordinary vamislicij and as they also possess 
gora dielectric sirengthr are employed extensively in the electrical 
mdintry as insulating materials. It is aUo possible* states Dr 
^ ner, to formulato paints, based on the resinous alliconcs^ 
wtoch wiU wit^cand tcmperatuiej up to looo* F/. Synthetic 
^ resemble and behave like rubber though 

it IS deficient in resistwee to tension* tear and abrasion ; at the 
same time, as it remains flexible and clastic over a temperature 
fange of-ioo F. to 400® F., it u employed with mccess as a gasket 
material and for insulation in electric^ dcvjcc$ where resistance 
to thertiLal ageing is essential. Such devices include motors opcrai- 
mg in mines, m moist atmospheres and high Icmpcratnrta. 


FIRECLAYS 

Firolays arc one of the foundatjous on which industry rests 
as their p^ucts are to be found in every stove* furnace or kUn 
wbw high icmt^turcs arc generated. \4Jthough it may be 
^ible to bi^d houses with bad or indiiFcfcnt bricks/ wrote V. 
nail m iBBj* it n quite impossible to carry on many metallurgical 
and other proce.«3 eqatmuou^y without the aid of durable: and 
i^lonr firebn^.* Thua, in early Britbh Ume. in India, firo- 
DneJu of Joiown brands were imponed from abroad for use in the 

L P""®* *®75> however, eiperi- 

Raniganj potteries of Bum & Co- 
L^tabbshed m 1859), were tested by qfficers of the Geological 
burvey of India m the fuinacea of the Calcutta mint, where 
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of them stood the testa perfectly^ showing no iigna of cracking or 
vitrlficatioa; subsequently such bricks were used in the blsat fur¬ 
naces of the Bengal Iron Works Co. (£374-9). 

For many years the products of Bum & CkiH, the only concern 
specializing in the work in India, were supplied for blast furnacca 
and foundries^ for the settings of gaa retorts, for the cupolas of the 
railway wqrkahops and so forth ^ As a result of the foundaljon of 
the Tata Iron & Steel Works in 1904, the demand for hrebricks 
and Other refractories rapidly increasedt and today there are over 
twenty firms engaged in their manufacture, though most of them 
art small and the five leading companies turn out about three- 
quaners of Indiana total annual production^ estimated at over 
200,000 tons of refractories of all kinds. This would represent 
about 50 millJon standard bricks (9'X44'S<3') if die whole pro- 
due don were of firebricks alone, though actually the total of 
200,000 tons includes other products made from silica^ magnesite 
and chromite. The leading manulacturm include Burn & Co^ 
Ltd, The Kumardhubi Fireclay Bt Silica Worfe. Ltd, The Reliance 
Firebrick & Pott«y Co* Ltd, Bihar Firebricks and Potteries Ltd, 
and The Tata Iron ^ Steel Ck>. Ltd* The plants of most of the 
manufacturers arc located in the coalfields of Bengal and Bihar 
—ail within a radius of 50 miles of A^msoh A few' works, bow'- 
^CT, have been establish^ in other parts of the country, especially 
in Madhya IVadcsh and Mysore, primarily to meet local demands* 
Indian cement and glass makers^ as well as large distillrries and 
sugar factories* art ficcqucntly proprietors of clay quarries and 
lotteries whence their own requirements of raw refractory mate¬ 
rials arc derived. As far as equipment, machinery* kilns and 
general lay-out are concerned* Indian refractory works are the 
equals of any others in any part of the world* and most of the 
larger ones produce other products in additton to various grades 
of normal firebricks. These include high-alumina bricks, fire¬ 
proof cements* plastic refractories* bonding materials and acid* 
proof bncks and cements* 

The fir^lays of the Raniganj coalfidd are of excellent quality 
and the bricks made from them are equal to the best foreign sup¬ 
plies. The facts that the Indian iron and steel works use nothing 
but the home-made articles* that they render efficient service In 
them, and that the foreign firebrick has virtually disappeared from 
the Indian marketp are conclusive proof of these statements. 

For fireclay goods in general the purer clays containing 45 to 
65 per cent of silica* between 30 and 40 per cent of alumina, with 
low contents of iron oxide (o-fi to 1-5) and of fluxia such as lime 
(0-2 to 0-6) aud alkali!t (traces to 1 ^4 per cent), are used. Garo 
fully blended mixtures of clays of such types are burnt at tem¬ 
peratures which may vary between i 2O0* G. and 1400^ G. The 
refractoriness of the finish^ brick can be improved by increasing 
the amount of alumina it contains, though this entails firing at the 


394 MZNERALA USED iS C££RAlfIC| ETC. 

kighcrr tctnpcxatuiic range. Such bridks ^re emplaycd undetr 
uQiisuaLly exacting emndiUon^p as* for cxamplct in high-ttinpera- 
turc boiler mstallati ons or the hotter zones of cement kilnSi Indian 
brick-makers use bauxite for this purpose, obtaining it as a rule 
from Lohardaga* in the Ranchi ditrici of Biharp or from Katnl* 
in Madhya Pradesh, and marketing their products under a variety 
of trade names as * aupcr-rcfractqries \ 

The fireclays of the Raniganj coalfield are found m numcrons 
seams, up to se^^cral feet in thickness, within the Lower and Middle 
Measures of the Barabtr Series, cropping out at many places 
from the Garphalbart-Dahlbari area, about the Kudai river, in 
the west, to the trans-Adjai region in the east. The fireclays of 
the Jharia coalfieldi again of variable thidmeas, occur mainly near 
Jharia itself and towards Pathardih. They are said to need carc« 
ful selection and blending for successful use. The Daltongnnj 
coaUeld has supplied a highly plastic fireclay from quarries ai 
Rajha^ in Palaniau district, for over 50 years, mainly for blend¬ 
ing with the clays of the other coalfields, llie fireclays of the 
Rampur coalfield of the Sambalpur district of Orissa have been 
quarned regularly around Jorabaga, near Bcipahar* since 1928, 
by the Tata Iron & Steel Go. Ltd, for dispatch to the works at 
Tatanagar. A number of other occurrences have been prospECted- 
Sunilar materials probably occur in the coalfields of adjoining 
regions and are aiieady known in the Korba field of Bilaspur, in 
hfedhya Pradesh. In the Coal Measures near Dola in the Sahdol 
district of Vindhya Pradesh, S. K. Ghose found two seams of fireclay* 
respectively 17 and 7 feet thick and infusible at 1700*0. At 
Ja^nnathprasadp in the Khurda subdivision of the Puri district of 
Oris^^ fireclays are quanied for ihe manuJacture of fire-blocks and 
cniciblcs for use m the local glass industry^ 

The white clays of the Upper Gondwatias of Chhota Simla* 
Jabalj^j Madhya Pradesh, worked extensively for pottery, tiles 
and pipes, are mixed with bauxite to yield bigh-duty refr^tory 
articlcx. These clays, blended with other local ones, have also 

? roved suitable for glass pots and tanks in the factories of Uttar 
tadesh, which used to unport such articles from Japan- The 
quarry near the North Oivil Station at Jabalpur was opened in 
there is another* at Tikarta in the same district, which 
has been productng since 1872. A glass-making concern of Jabal¬ 
pur obtains its clays from Oarha^ n^r Madan Mahal, while the 
Associated Cement Co. Ltd work clay at Bhavnagar, near Sleo- 
manabad, in the Sihora tahjit of Jabalpur districL 

™ Ratucha, near Khewm, in the eastern 
ball Range of the Punjab, have been used for making firebricb by 
Lahore industrials Ltd* and others are employed by Rajah In- 
du^ies of Jungsham, in the Karachi district of Sind. The pottefi 
01 TnMgadh, inSaurashtra, manufacture firebricks from local clays* 
as do those of Rampet, in North Arcot and Nellikuppam in South 
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Arcot, NIadras. Fireclays arc to be found in many of the patehes 
of Gondwana rocks of the East Coast, as, for inatance, near Sripei^ 
umbudur, in Chingkput, Madras PJid Vemavaram, near Ongole, 
in the Guntur district, Andhra. 

The Mysore Geological Department works the fireclay depwiB 
at Nandagurii, in the Hoskotc taluk of Bangalore district, and m 
Bangalore itself ihcrc are firms engaged in the manufacture of 
rcfractorio of various kinds. The Kolar Brickroakiug Co. Ltd 
commenoed operations in 1917 Marikuppam, about 60 miles 
east of Bangalore, making at first e[itra.^trong building bricks for 
l inin g rl^r dcCp sllSLfls of ^olaj goW JOEUneSd In the CQUJrSft of 
tioic the Tnajwfac Liif^ of rcfroctoriiss h as become an important part 
of its activities^ Thci'' include not only firebrjeks, locomoiive 
ace arches, cupola linings and gas-plant requisites but also crndblcai 
muffles^ scorifiers, etc., for use on the goldficlds.^ The refrMtory 
cla>*3 come from Karadibandej in the Kolar districCp and Thnmalu 
in Bangalore^ Refractory products are also made by various fimia 
io Feroke (Malabar)^ Quilon (Travancore) and Alvvayc {Travan- 
eQre)s A white clay from Kizhupillikkarai in the Trichur taluk of 
Cochin, has been tiscd for making firebricks Md saggars smec 1935, 
A bluish whitCt plastic clay^ free from ffntty mat^ialsj known 
locally as bhutndis^ is quarried at Budhel and Thoradi in BhavnagaTii 
Saurashtra, and sold in Bombay and Ahmcdabad for use as boiler 
lag^ng according to B. G. Roy. ^ 

In addition to the lo€:alilies already mentioned, fireclays 
been reported from many other places and some of them have 
proved by experiment to be of good quality* Among such localities 
arc the following % Jawai, in the IChasi Hills of Assam 1 many places 
on the western side of the Rajinahal Hills of the Santal Pargana* 
of Bihar, where they are often associated wiili thin coat scams; at 
Patharghatta, nearCoIgong, Bhagalpur district, Bihar, inlOTtratifiM 
with while pottery clays; the Kmanpum coalfields' Kinpera^ m 
Sundargarh, Orissa; Kundara, T ravancorc, at the base of the Tcrttary 
rocks; Daloi and Rajpur, Paneh Mahals, Bombay; Himatnagar m 
Idax; Mataki Takri in Bajroda; Baglala, Kerwali, Lakhtat* Kanla* 
vati, Dholi and other places in DhrMgadra, Saurashcmi the ugnjte 
field of South Arcot, Madras; Deopoor in Kutch; overlymg the coal 
s&ms in the hills south of Antargaon, and at Konasamudran^ 
Nizamabad district, Hyderabad; Bandara and Sirol in 
near Kita and Devikot, in Jaisalmer, Rajasthan; the Chanda- 
Umana region of Rewa^ Vindhya Pradesh; on the southern edges 
of the Ghikalda range, in the Bctul and ^ynraod districts, and on 
the northern slopes of the Satpuras^ associated with sancttoncs of 
Cretaceous age^ in the Chhindwara and Hoshangabad districts of 
Madhya Pradesh* 

The annual average recorded output of fireclay for the five year^ 
ending 1948 was 92,000 tons, approximalcJy, 28^6 per cent of 
which Came from \lajdhya Pradesii} 25't por cent from Bengal, 
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Cent from Bihar and [6 per cent from Orissa, In 1949J 
106^9 tanii valued ai Rs 8j^36,g7a, were produt:ed. The returns 
are maiurestly incomplete and there »strong reason to snppow that 
Mme fireclay has found Its way into the ‘ Oiher Clan's * of the mt- 
istlca] tables,, in which neither china clay nor fireclay is supposed 
to be enumcraicd. 

T^e capacity of es tablished fireclay works in India is more than 
Sufficient to meet existing demands, but as industrialization grows 
ffiw will quickly expand; indeed the Panel on Ceramics and Re- 
fractorits envisaged an increase of as much as 100 per cent within 
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a poiod of 5 yearn. There b no sbortagie of raw materials, for the 
fluppii« of good fireclays are capable of roccting^ any future oalb 
upon them; though wiruung costs are likely to increase. Dr H+ 
Grookshank believed that there b still room for small works making 
firebricks for locial consumption in some outlyiiig areas, to obvialt 
high railway freights from the main manulkcturiog centres In 
Bengal and Bihar, and he included in such areas Chanda, Bikanert 
Assam, Rajahmundry and J anrmu. The possi bi litics of developing 
an txpon trade in th«e prt^ucts, particularly with Burma, Majaya, 
Indonesia and eountrics further afield, should also be carefuBy 
investigated^ 


analyses of INDIAN FIREBfUGKS (frooi W. H. Bates) 
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DOLOMITE 

Dolomite is a carbonate of calcium and magnesium, GaOOy 
MgCOj, containing when pure M'35 former and 

45'f'5 ptr cent of the latter constituent, or, 30*4 per cent of lime, 
CaO, and 3 1' 7 per cent of magnesia, MgO* It is a natural double 
compound and the two carbonates cannot be separated by any 
physical ore-dressing methods. Ordinaiy limestones bKome 
changed into dolomitic limestones and dolomiics by the long'^n* 
tirtued action of solutions of maguiaJum salts; as the mDlccuiar 
volume of dolomite is smaller than that of cakite, the resulting 
dolomite rock is porous, unless it has been later metamorphosed* 
The thermal metamorphism of dolomites often changes them back 
in part to calcitic marbles ov^ing to the development of secondary 
magnesian silicates. Examples of this kind are abtmdant in the 
pystalline rocks of Indian Pakistan and Burma- Sedimentary and 
iniiltration dolomites occur in the Later formations of all ages from 
the Palaeozoic to the Tertiary* 

The crushed rock, either In its mw state nr» more usually, in ita 
shrunk or dead-burned eondidoD, after calcinadon In shaft or ^tary 
kilns, is used as a basic rc&aetory in the manu&cture of steel, in the 
forms of lining blocks for convertorSi bricks, fumacc bottoms and 
hcarthSj powders and preparations for maintenance wwk gcncdn^y. 
The calcined mineral, after crushing to suitable sizes, may be mixed 
tvith hot tar and rammed into its place in the hearths of steel 
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fumaccA while sidli hot+ Other processts use mixtures of burnt dolo- 
nute and or ground material without a binding'^ or* a^iun^ 
pressed blocks of dolomite and tar mixtures, only" a proportlofi of 
which have bwn burnt- Though 1™ stable, more liable to dis¬ 
integrate and generally not as dSbctive as magnesite, it possesca 
the merit of cheapness and is used for rehactory purposes in very 
large quancjtjw; in the United States of^Werica alone, sales of the 
dead-burnt mineraJi had exceeded one million tons per annum by 
194^ and &itish consumption: is stated to be more than 600 OOO 
tons per annum. A* C. Harris of the Iren and Steel Gorpoiation 
of Beng^ has given the following interesting analyses in which 
^^ical Indian and British dolomites and the bnmi product made 
from them are compared; 
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At the mme time seme authorities favour rodb that are not m 
^e as Thus, according to Mr E. B. Hall* of Bird & Co., 

t^cutta, the dolomite should contain not more rhayi j per cent of 
siuca, 3 per cent of aJumina and 6 per cent of ferric oxide; further^ 
fine-grained* flinty varieties* with their impuHdes well 
aismbutrf throughout the atone* are preferable to the coarse cry- 
staniM kmds. He adds that for satisEictoiy use as a fettling mate¬ 
rial, the dolomite should not be too pure* having found from actual 
mwience that a total of 8 to fa per cent of impurities gives the 
though they must not exceed the latter figure. The 
t^ry IS that on burning these impure rocks, glassy films of fusible 
formed which hold the particles of the mass together, 

. j^i ■ In,diati steel-mahers are agreed that more research 
la Ti,^ded mto means of improving the fritting properties of the 
amiable stonK, and of Lnereasing the stability of the pn^uct in the 
^^tjc ratre^ under which k is made, stored and used in India, 
e oi the difficuJ ties is that lime* Limestone and dolomite, even 
temperaturcs^and lime itsdf only begins 
t 1 ^ about 257*^ G.^-are not proof against hydration* 

♦V. ^ ™®grestcd^ that the addition of other metaUic oxid^^ such 

chromiunij to the composition of dolo- 
bricks might make them more stable and prevent inverdon 
^ Fcmiul etHnmunic^UtKi. 
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diiring firLag. In this connexion J. A. Dunn aih'Dcatcd experi- 
mmtrn with the t^c-xmgnesLte rocks which occur near Bhitar Dari, 
south of Jamshedpur. Other uses of dolomite are described under 
WUoN^ruM. 

The best-known Indian occujtoiccs are in the Btnujlrapnr 
Stage, of Middle Dhanvarian age* m the Gangpur anticLincinum 
of Orissa, where they extend from about Sukra in the east for a 
distance of over 6o miles* across the Ib river into SambaJpur^ Both 
dolomite and limestone have been won from this Stage since [89^1 
when exploitation started around Rourkela and Bisra. The re- 
quircinents of the Tata Iron & Steel Co. were obtained at one time 
from quarries at Amghatp but since 1918 have been drawn, from 
others at Panposh. B, P. Byramjee & Cn. quarry the stone at 
Usra, the Gangpur Stone, Lime and Dolomite Co. at Laing, while 
at Birmitiapur the Bkra Stone Lime Co, Ltd has supplied both 
doloTTutc and limestone to all the Indian iron and steel centrei 
tince T923. At this locality alone, Dr M. Krishnan has cal¬ 
culated that million tons of dolomite are available dowm to a 
depth of [30 feet, and of this quantity 84 Tniilion tons arc of high- 
grade stone« Between the years 19121 when amdstica commenced, 
and 1933 inclusive* over ^ | million tons of dolomite had been taken 
from d\e localities mentioned, the record year being in 1925 when 
316*581 tons were removed. From however, production fdl 
to a fraction of this amount owing, it is stated, to the rcplaccinenl 
of dolomite by limestone as a flux in iron ore smelting by the Tata 
concern- Some of these dolomites are remarkably and consist* 
cntly pure; thus from the Amghat quarries dispatches uniformly 
averaged under 2 per cent insolubles, while average shipments 
from Usra* over the three years 1929 to I93t, ^ow all impurities 
as S'5 per cenu Allowing for these the rocks concerned closely 
approximate to the thcoreticaJ composition of the mineral. Over 
™ 17 yean 1934 to 1950, mdusivc, a further 992,780 tons of 
doloETulc were quarried in Gangpur- 

Of other occurrcncei in Gangpnr the following arc aotc^ 
wo^hy; a zone with shaly partings which appears at intervals, 
Etrikiiig north-east and sou^-west, under 15 to 25 feet of alluvium, 
for 6 miles along the Sapai river* 6 to 8 miles north-west from 
Dharuadihi railway station; an extensive deposit of gfcy^ com* 
pact stone near Kukurbhuka, six miles from Sonakhan railway 
station, and other deposits near Khatkurbahai, Lanjiberna, 
Amghat and Beldih which arc associated with limestones j another 
zone of fine-grained* massive rock is exposed at Jagdah and along 
the Katepur jfiaria near PatrapaJI. In the northera limb of the 
great antic! inorium, east of Birmitrapuc* H. Nandi found an 
hnpersistent band some 2*000 feet long and 300 feet wide* at 
lViT|apaiu. In western Gangpur (now western Sundx\rgarh)* 
rareyish-white* saqcharoidal, dolomitic marble forms a narrow 
band about a mile in length and up to 2lo feet in width at 
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UfHpara, occ^ng again at Surgura, In the Sambalpur district, 
Br C. Roy estimates over 5 coiiiioii. tons of doionaitc: at SuJai, but 
the varieties which crop out in the bed of the Alahanadij jMuth 
of PadampuTj and oihen near Putka are silitcous^ The red, white 
Md mottled doloimtp of Cuddapah age which form isolatirf 
hills near Koiid^ochj in K.orapiit| are also of a siliceous chmucterp 
but a purer grey kind extends for about a mile alona the Kolab 
valley from Sirivada* 

As far as is known at^ present Bihar's dolomite resources are 
dolomitic iimestonea occur at Futada, near 
Chaih^, m Singhbhum; at ihc top of the Rohtas Stage near 
B^jari, m Shahabad, and at various places in the Palamau dis^ 
a high range of hJl^ in the western Duan is 
™d to be bmit enureiy of doiomitea, inembcffs of the Biixa Series, 
ineir nigged, precipitous cliffs, intercepted by stcecHsidcd gorges, 
coyer atwut five square miles in the north-eastem comer of Jab 
paigun dismei and cattend onwards into Bhutan. D. K. Chandra 
States that fifteen reprjsentativc samples had a magnesia content 
** reserves are practic^Iy inesbaustibie. 

Narmada gorge, Jalbalpur district, 
Madhya Pradesh, are doiomiiic, as also arc various marbles 
wown in the ^tul, Ghhindwara, Nagpur and Seoni dbtricisj 
tiiwe a« quarries m such oecurrences at Khorari in Nagpur, 
^ at Bhcdaghat, Gwari and Rupaund in Jabalpur. Ealensive 
"T knohn to extend to the north and 

^ofKodwa, in the Drug dtstrict, where P. K. Chatteijec lias 
puEcd that ^me million tons are available^ At Baraduar 
^ j, Itications near Alealtara and Jairamnagar, in the Bilas* 
piw di^ct, dolomites are quarried for use in the iron and steel 
mdustnes, while further occurrences have been noted in the 
Wamra^ca of and from Gowari Hill in the Wim tahiil 

* cot^l distnet of fierar. Over the eleven yeaia T94O 
® *®34 tons of dolormtc h^ve been q uarried 
a caraduar, where production ngsv averages about 20,000 tons 
^ further 2,000 tons yearly from Jairamnagar. 
possessn dolomite resources near Japi and 
Uraaria, in Rewa, while the ^talliiw 
swch as those of Ekpie and Perarwa, 
.8 .y 0 on^tic as a rule, Dolomitic marbles are also known 

Madhya Bharat, while in Hyder- 
^ Warangal and Asifabad districn 
con^a^ sev^ hands of the same character. 

in i^ynagar marble, which covers wide areas 

m Mewar. I^jasth^ « a dolomitic stone, as indeed are a number 
r^rted by B. C. Gupta from the same 

of Jaipur and 

while dolomite in its composition, 

c the soMxalled Ajabgarh Limestone of Toul^ in Kisbangarh, 
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in redity, a coapcly crystalline dolomite- The marblei 
of Banswarap and their northern continuations in the Jhari re¬ 
served forest of DiinprpiiTp are also bclir™! to be dolomitic. 
In the Matlpura marble of Baroda Is a siliceous dolo* 

mitic limestone with 17 per cent of magnesia and 34 per cent 
of lime. Occurrences of dolonudc marble of no great extent 
^ve been found by P. N, Mukeijcc at Wannar and Deohati 
in Ghhota Udaipur^ but near the northern boundary of Jambu- 
gheda about thn^ mlltion tom are probably availablCi On the 
Western GhaiSj south of the Deccan Trap region* 
there is a great deal of dolomite* ai^ for instance* in the great 
H^if crowned by the old Mahmtta fort of Bhimgarh, cast of 
Goa» 

VempaUe Limcaieme of the Lower Cuddapah rocks of 
Andhra is essentially a siliceous dolomite of wide at tent, for its 
ouicrop has a breadth of from one to four miles and extends from 
near Cuddapah itself^ through Rnyalacheruvu^ in Anantapur, 
to beyond Betamcherb, in KumooL Many of the crystalline 
limcstocica of Archaean ara in south Indiap like their counter¬ 
part m the Archaean rocks furtha north* are dolomittc in com- 
^d such occurrences have been reported from Salcmp 
y™diaratiiam and other districts. They arc also abundant 
10 the Shimoga* Tumtur and Chitaldrug districts of Mysore In 
qu^titiM which may be required. Supplies for the Mysore 
Works come from quarries at Shankargudda, in 
me ahunoga district, and this stone is an interesting one in that 
It contains li per cent of manganese oxide, MnO. It is not 
Uncommon for part of the magnesium in dolomite to be partially 
tiy ironj with the formation of the mineral ankerite* 
a closely related species and intermediate 
^tween It and siderite, the carbonate of iron, FeGO,; it t* rarer 
out fay no means unknown for manganese to take part in the 
^tne replacement- For the Efteen years ending igSOj a total 
^7.707 tor^ of dolomite have bem produced in Mysore for 
^ Mysore Iron & Steel Works. 

, ’Wlomites and dolomitic limestones are of frequent occurrence 
l^ughout the whole length nf the Himalayas} from Kashmir 
the w'cst to the Dihang valle>' in the extreme east, though only 
miportant of them can be referred to here. The bulk 
c#n ^ ^ Limestone of Jammu and Kashmir consists of sill* 

average ovct 6 per cent of impurities 
_ ^roiDg ^ J- B. Auden, Massiw dolomites occur in the Beas 
- Kulu, while the dolomites of the Upper Krol Scries 
^ Himachal Pradesh. Further south, in the 
of Suket (south of Simla)* the massive grey doJondde 
p *^f Shall Scries arc believed to be of much the same 

on tif" ^ their type section at Krol* near Solon 

«ie ivalka-Simla road, whence they extend south^-east well 
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into Sirmut, die strongly bedded^ dense^ closely sub-cryitalline, 
blue dolomites of the Upper Krol Scries are 600 to 800 feet duclL 
Hie same rocks continue into the Chakrata area of the EMira 
Dtin diacriet of Uttar Pradesh, and arc found again new Narenclia- 
nagnr^ in Tchri Garhwal, thence^ after a gap of some extent, 
th^ are known again in the Musoarie area of Naini TaJ dis¬ 
trict of Uttar Pi^csh. Hereabouts, the pale, almost porcel¬ 
laneous dolomites are remarkable for theLr low content of ailica 
and other impuritica, ri'V'allmg^ in this respect, the best quaiides. 
from Eirmi trapuT;, in Sundargarh, Orissa- In Tebri Garhwal there 
is another series of massive dolomites, though they are often sili¬ 
ceous, stretching as part of the Deohan and CarhAsuI Window 
Series through Ganganl and Ptatapnagar, to the south-east, past 
Kaproli and into the Garhw’al distrlcL They often show 
signs of miueraiization, becoming siderilic at Uttarkashi and 
elsewhere and carrytag diffused impregnations of oopper ores at 
Kaproli, Pokhri and Dhanpur. In d^ same way, the siliceous 
dolomites of the same age and consdttition which occur in eastern 
Kumaun hear indicatious of an Ironoopper mineralizatiou while, 
as V, P. Sondhi and S. P. Nautlyal have demonstrated, the ^tem 
outcrops are sometuncs extensively replaced by magnesite^ Such 
dolomites are knovm in SaU^^ana in western Nepal. 

The dolomites of the Outer Himalayan ranges lying withm 
Indian territory may be expected again in the Himalayan parts 
of the West Punjab and the North-West Frontier Province of 
Faldstau. Botit dolomite and dolouutic limestones arc associated 
with the gypsum deposits of the Salt Range, usually as Haggy 
bands up to several feet in thickness but liable to die out when 
traced laterally. In the extreme eastern part of the Range, on 
the southern, side of the Bunhar river, Just north of Waghh, 
E+ R. Gee states that much thicker, ma^ivci lightcoloupcd dolomite 
caps the Saline Series^ The massiix Kioto Limestonei of the 
Potwar, which may be of Lower Jurassic or Upper Triassic age, 
are often high in magnesia content, as also are some of the Pro^ 
ductus Limestone bands which form crags on the outs* csorpments 
of the Sail Range. The so-called * Magnesian Sandstones \ of 
the Salt Range Cambrian, are better described as sandy dolo¬ 
mites and indeed arc represented by a group of dolomites in the 
Kbisor Range further to the west and across the Indus^ From 
the North-\Vcst Frontier Province, A* L. Coubon bai reported 
dolomites in the Kurram Agency and gre)' and greyish-white, 
saccharoidal varieties from the Ghundai Tarako Hills on the 
boimdaxy between the Mardan district and the Buner tract of 
Swat* 

Dolomites and dolormtic limestone occupy vast areas in the 
Shan States of Burma and are responsible for the distinctiw 
characters Avhich the upland plateaus of these regions have as¬ 
sumed-monotonous successions of wide shallow valleys, separated 
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by Iqfw, SH'cHiiig ridgtSp smoothed by the universal covearing 
of ted clay into which the rock weathers do^vn* and only broken 
by cliif^like Ihult scarps or by deep canyons which the major 
rivers have excavat^ in the soluble stone. C^eful eompuia- 
tions have shown thicknesses varying from 3,000 to 6^000 feet for 
this single fonnation in diHerent places^ and it is to be noted tluit, 
although dolomitic limestones with from 19 to 33 per cent of 
magnesLUm carbonate are commonj much of the rock, and pro* 
babJy its greater bnJk, contains die two carbonates in the pro¬ 
portion demanded of a true dolomite- It is a whitish or light 
grey rock, of a finely granubr appearance^ composed of aggre- 
^tes of minute, interlocking doloinitc crystals, often traversed 
by vcinlets of secondary caJcite. 

ANALYSES OF INDIAN BOLOhJTTES 
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MAGNESITE 

Tltcrc are tltrefi commerebd varieties of magneaitCt tho 
bonate of magnesium^ MgCOj, the most importatit of all the 
basic refraxitory iiinerais: they are the compact or cryptocrystaJ- 
line, to which the south Indian occiurences belong; the spathic 
or coarsely ciyGtailinej examples of which have been described 
by V. P* Sondlski firom Devi'al Thal^ Ahnota district^ Uttar Pra¬ 
desh and by S- P- Nautiyal from the same district; and another 
cr)'stallinc kind known as brennaeritCj which contains over 5 per 
cent of isomorphous carbonace of iron and has been found near 
Dw Mori^ Idar, ^mbay and adjoining tracts of EJungarpiir, 
Rajasthan. The magnesite of south India, a hard, white, brittle 
mineral resembling unglaaed poredain, is the only one of economic 
mterest at the present time. 

Dr Hcync is said lo have discovered the great magnesite d^ 
posits of the Chalk Hills^ in the Salem district of Mad^,^ in the 
early years of the nineteenth century and by 1825 official intertat 
had been aroused in them, but it was not until about 1900 tl^t 
actual development b^an with the formation of the Magnesiie 
Syndicate by H. G* Turner. The first production returns ap¬ 
peared in 190a and the same Syndicate has continued its opera¬ 
tions up 10 the present time. 
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The plains aurmundiiig the Chalk Hi[ls are occupied by biodtc 
gneisses and chamockiLesj the htlls ihcnucivcs: arc essentiaily two 
great intrusive masses of ultraliasic rocks (dunites}^ in which the 
magnesite occurs as an Intricate network of irregular veins. Some 
of these arc crv'cr three feel thick^ but the general average is only 
a few Inchcsj while toother they form 6 to 10 per cent of the 
whole mass, distrihuted tn richer or poorer patches. There are 
two areas, separated by a tongue of crystalline rocks, of 4*4 and 
t-i square miles containing reserves of 82I million tons, to an 
assumed depth of 100 feel only^, Petrological studies have shown 
that the Salem magiic$itei which averages 96 to 37 per cent of 
magnesium carbonate, was formed under ccmditions of high iem- 
perature and pressure;; the proceses involved were not superficial 
ones as is often the case elswhcrc, and it follows that the deposits 
probably continue to considerable depths. 

Several other occurrences arc known* not only io Salem, but 
also in TiruchirapaJli (TricMnopDly)* Kurnool, BcUaiy and Coorg, 
though they are insignificant in comparison with the vast re^ 
sources of ihe Chalk Hills. At Dod Kanya and Dod Katur, in 
the and Hassan districts of M^TSore, however, tbere arc 

magnesiie veins of a commoner type, in serpentine derived! bom 
the hydrarion of the olivine of the original ultrabasie rocks (mairily 
dunitea), which have been quarried by Tata Industries Ltd at 
Dctd Kanya, about ta nutcs from My^re City, since tgst^ Othi^ 
occurrences worthy of mention include those north-west of Bhltar 
IWi, in Sbghbhum, where magnesite is accompanied by talc, 
Md the veins which traverse serpentines to the north of Bania 
Pam, south of Wad, in Jhalawan, eastern Baiuchistau, Accord* 
ing to E. W, Vredcaibiirg* * magnesite thus situated and in such 
abund^ce, might be worth extracting in the event of a railway 
petension to Las Bela ^ A large dqxssit of magnesite has been 
IcMCed rcccndy by S. P. Nauiiyal near Gree Ghhma, Almora 
djstnct, Ut^ Pradesh. 

^lagu^esite is the source of magnesia, the oxide of magnesium, 
MgO, of winch there are two leading mdustrial imicties. When 
the mtneraj h roasted in a kiln at temperatuics of 1000^ to 1300“ C. 
a product is obtained which sUtl contains two or ikrcc per cent 
of carb™ dio>dde and which is capable of absorbing moisture 
^d carbon ^oxide ^ &om the air. This is known as Caustic 
Niagnaia j mixed with strong solutions of magnesium chloride 
jMj the chief component of the Oxychloride or Sorel cements, 
^ese matmals set ns hard, toughs resihent composidons and, 
t^ing doable, dusiproof and fireproof, are esteemed as floorings 
in pubuc buildings, hospitals, latindries, ships, railway coaches 
and xactoneSr opecially those m which inflammable and explosive 
substances arc made or handled. They arc dw used for fire- 
F^f partitions, tiles and aitLfidal stone as well a^ for bonding 
abrasives in grindstones, milling stones, cutting wheels and *0 


4o6 HINERALB USED ll-f CEftAMICB ETC. 

forth. Caustic magnesia also hnds appLitadous in stucco-work# 
mouldings, plasters, wall boards and iusuLadiig material and 
it is a valued acceltrator in the processing ofrubiw- 

When the calcining is earned out at higher temperatures^ La 
the 1500'®-1600° G. range* the product contains less than one 
half per cent of carbon dioxide and consists mainly of penelase^ 
MgOj a \ncry stable^ inert, resistant form of magnesia. ThLi £1 
the - dcad-biutit ’ or * alntered * magnesia which is made into 
refiractory bricks for Iming basic, open-hearth steel furnaces; 
copper and lead smelting and refining fumace^; melting fumacci 
for aliimlniiini and copp^ alloys; ccmeciE kilns; chemical fumaccfl; 
in fact in any Eitnation Avhere a basic Utdng capable of withstand¬ 
ing high tempcraturca is required. In steel >vorks it \a often used 
in the form of granules {* peas *) which* mixed with ground dolo¬ 
mite, are rammed into the furnace bottom as a kind of concrete 
to form the hearth. The greater part of the magnesite pro- 
duced in the vrorld Is used in this dead-burnt condidoru Pxire 
magnesia, heated to about 2500®^ C. in the electric furnace, fuses 
intq an extremely durable^ w'hitCj crystalline form, a rehactory 
substance imusu^y able to withstand the chemical aettun of 
molten metals, basic slags and Suxes at high temperatures. It 
is made into a variety of shapes and commonly used for immer¬ 
sion heaters, rslstance elements, melting-pots* anneal ing cham¬ 
bers and laboratory wares. South Indian magnesite is peculiarly 
well adapted for the manufacture of fused magnesia and has 
been employed for this purpose in both Norway and England, 
Its performance on an cjcpcrimentai scale in Indian steel w'orks 
has been cxcellentj but its high cost prohibits its general uk- 
Magnesia Is also an important hcat-insulatmg materia! and mix¬ 
tures of it with asbestos, with a guaranteed magnesia content 
of 85 per cent* have been made at the Himatnagar works of the 
Pioneer Kf agnesia Co. for many years* the total prt^uction between 
*93®^ ^Tid 1949-50 being 1,032 tons. In this case, however, the 
magnesium compounds arc derived fhnn the bitterns of the Khara- 
ghoda brines, ^^lagncslte and magnesia are used in the com- 
position of some varieties of porcelain table-w^are, as well as in 
low-loss insulators for the r^o industr>^ Magnesium ortho- 
titanates, made by firing mixtures of magnesia and caJdned rudlc* 
often with the addition of ^ircortia, are reported to be ideaiJ 
dielectrics for condensers. Other uses of magnesite are described 
under MaCnesiuu. 

The bulk of the magnesite produced from the Salem depodts 
is exported through Madras and Cochin, but CDnsiderablc quanti¬ 
ties of both caustic and dead-burnt magnesia are sijso madie 
on the spot* The principal users in India are the Tata Iron 
Steel Go. Ltd, who consume annually about 5^000 tons, divided 
equally between magnisja bricks and granules f" pcas^). There 
are two manidacturets of such produce* the firm just named 
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With its works at JamshcdpuTj and Bum & Co. Ltd at Haiuganj. 
Both obtain their raw material from Madras and Mysore^ and 
there is Little difference in its composition in either case. Both 
plants are of modem design and meet the requirements of all 
the Indian steeJ-making companies in bricks^ granules and oementa 
for fettling piirpo^esi The practice of using unbumt magnesite 
bricks in cement kilns, the first firing of which is supposed to 
bake the brick to a requisite degree, has not proved economical 
in Indian ^vorksi hfagnesite bricks have a tendency to splinter 
(spallj under thermal shock caused by rapid changes of tem- 
perature, but this can be largely overcome and the refractor mess 
under load increased by using suitable graded mixtures of 
magnesite and chromite, and such bricks are now made in India. 
Some modem viirieiies of chrorne-^magnesitc bricks contain 70 
per cent of chronute grains and 3.0 per cent of dead-burnt 
magni^ia. 

From the commencement in 1902 up to the end of 1950 the 
total output of magnesite was 1,219,764 tons, and for this quantity 
the Salem deposits atone were responsible for about 92 per cent^ 
the remainder coming from Mysore, For the five years ending 
194®* die average annual production was 42*963 tons, valued 
at Rs 5,85,340, compared with 42*885 tom and Rs 3,26,958 for 
the period 1939-43, tom and Rs 1,26,051 for 1934-8. 

The highest recorded output was m 1949* when 90^564 tom 
valued at Rs 15,53456 were raised. In 1950, production fell 
to v^u^ at Rs 11,60,687. On an average taken 

over a number of yean about one quarter of Indians magnesite 
production has been exported, and other producers besides those 
already mentioned include Salem Magnesite Lid, which com¬ 
menced operations in 1940, and The Magnesite Corporation of 
India Ltd, founded in 1945. 

The world^s production of crude magnesite m 1937 was of 
the order of a*ioo,ooo tons of which the Soviet Union yielded 
57 P*^ cent, Austria 21, Manchuria 15, the United States of 
8 tod Greece 7 per cent, with smaller quantities from 
Chechoslovakia, Jugoslavia, Korea and India. For later periods 
conmictc nguies ate unobtairtable, but in 194B the Austrian 
ppMuction totalled almost 395,000 tons and the United States 
of Amenca s 3^355 of ^e calcined mlnera!. India headed 
the list of Coinmonwealth producers with 48,327 tons, foUow«l 
by Australia wth 32,44a, South Africa 10492, and Southern 
Rhodesia with 5,632 tons. The Canadian pn^uedon is not 
taJum mto ac^unt because it is mauily a calcined product of 
to intnnate mixture of magnesite tod doLomite. It is thus clear 
that tbOT M no widespread shortage of magm^te tod that the 
caponed Indian min^l meets strong compeddon in die world^i 
markets. The Austrian, Russian, Manchurian, HanaHia^^ aud 
lomc of the American deposits are of the crystalline, tpathic type^ 
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multmg from the replacement of limestone or dolomi te by aKend- 
ing solutloiis of magncaian The Austrimi mintraJj which 

for many yean dominated ihe markets of the world for dead- 
hnml magnesia^ is a variety of breunnertte^ 

Indian magnesite^ on the other hand^ if of the compact, crypto- 
crystalline type, siniikr to the Grecian supplies which have always 
been its chief competitor^ The Grecian depositSi lying on the 
Aegean coasts of Euboea, enjoy the advanta^ of cheap sea freight 
to the consuming centres, whereaf the Indian product is handi¬ 
capped both by the railway freights £0 ports aoo milef away^ 
and the longer sea vo^^ges to the principal markets in Anmrica 
and Europe^ The high quality of the Indian mineral is its 
principal recomcoendation abroad and this should never be 
imperilled by the shipment of mferior grad^« The Ind^n dt> 
mand will eipand with the growth of the steel indust^, with 
the mom extended use of the oxychloride cementSi and, if cheap 
electric power becomes available, with the prodnedon of fused 
magnesia goods for both home and foreign consumption. 

SILICA 

The tiacs of quartz (silica) in the ceramic industry and partic^ 
ularly in the manufacture of ehinaware and porcelain have been 
coitsidrtcd on another page, and here we are only concerned 
with its applications as a refractory material. 

Gocd-quality siliceous sand, rammed into place, may be used 
in the hearths of some types of mctallnrgtcaJ fimiaccs. Thus^ 
a land consisting almost entirely of pure silica, from the Jabalpur 
district of Madhya Prndesh, has been employed by the Tata Iron 
fit Stttl Co+ in making the boLtoms of its acid steel furnaces. For 
the linings of acid B^emcf conwrtors at the same sioci works^ 
quartz schists, quartz grannlitcs and quartzites, the practical 
equivalents of the English ganister, arc nsed+ The main 
source of supply are in the Singhbhum district of Bihar, where 
the Tata concern has opened quarries betweren Rakha and 
Kendadih. One, under active exploitation at the present time, 
is situated on Kandey Dungri hill, 3 miles from Sini nn 
the main line of the BengabNagpur section of the Eastern 
Railway^ 

Silica bricks are used in roofrug open-beirth steel furnaces 
where temperatures of ffrjo* C* may be readied, in metallurgical 
furnaces of other descriptions, m gas-making plants, in electric 
furnaces, coke ovens, glass worb and ordnance factories. Th^ 
cannot be utilized for ordinary refractory purposes as they dis¬ 
integrate under rapid changes of temperature* There are two 
&ctories on the Raniganj coalfield where silica bricks are made 
—the Kumardhubi Fireclay and Silica Works of Bird Co, Lid, 
founded in 1915, ^d the Lai Koti Works of Bum fit Co.* which 
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commenced in 1918, The raw muteriala uaed in both caw ai« 
unusuaily pure quamitca from the Rajgir Hills of iiie Ga^'a dis¬ 
trict, from the Kharatpur HdJs and Ratanpur of Mongfryr and 
from Bth^rshanf in Patna districts Afrcr crushing the rock to 
a suitable powder, a slurry made up of water with s per cent 
of lime is miacd with it. This makes the material slightly plastic 
and it can then be moulded into bricks or any desired shapes.- 
The Kumardhubi works can mould p,6oo regular bricks and 30 
tona^ of shapes daily, though this mcludes a certain proportion 
of s^m^nite products which arc also made hcTe+ Jn the firing 
Section of the^same works there are 13 round, downdraught kilns 
with a ^p^ity of 240 tons, or 67,000 regular bricks. It may 
be added that another department of the same works eait mould 
£0,000 firebricks aad 33 tons of fireclay shapes per day, while 
to buni these there are eight round, down-draught kihis with a 
capact ty of 93 tons, or 35,000 regular bricks each; one rectangular 
kiln wm a capacity of 55 ions, or 13,700 regular bricks, and one 
tunnel kiln with a capacity of 1,200 tons, or 500,00c regular bricks 
per months In addition, there is an oil-fired lotary kiln which 
IS used for the calcLnadon of k^^anite, bauRite and fireclays, with 
M avtnige monthly output of approximately 665 tons. At the 
Lai Koti wor^ there are 10 kU^ capable of producing about 
1,000 tons of silica bricks per month. 

The burning or firing of silica bricks is a long, difficult and 
expensive process. In the moulded stage they are fragile and 
nc^ rareful handling and elaborate drying anranganents. After 
this, the loading of a normal kiln takes about 3 days, and in the 
jctung the whole of the bricks and shapes arc covered with al^ 
jeady burnt material to prevent the dames of the fire from shatter* 
ing^enr. Slow fiimg in the early stages drives off the moisture ^ 
as the temperature increases the lime wnich was added as a slurry, 
^ ^ iTon and any basic Impurities in the quartzite, fuse 

and form a solid mass binding the quartz panicles together to 
make a Mud bricL During the final stags of the burning the 
quartz changes into crisioballte or tridyinitc, and at 1500“ G*, 
the VDlumc increases by about 5 per cent and the brick expands 
^ temperature in the kiln is maintained 

at tins hgiOT for about 24 hours, and the whole of the fiiisw period 
t^ des^ibed, more or ]«s in the words of W. H. Bates, the 
General Manner of Bum & Go/s potteries, takes 12 days. Cool¬ 
ing too must be most carefully regulated and spread over a period 
'Storage demands large ram-proof sheds, 
exposed to the rain or climalc^ the bricks lose 
thetr fieshneH and arc of no use/ 

wtcMive deposits of puit quamitc, suitable for 
purpose^ have beo, described as occurriuir m the 
Khaj^-^v^m ^on of flomra, and in the easily accessible 
ndges of Biighana, Jharghau and Garpaii, in Sambalpur. 


C»ROMIt£ 

Large qimatitJ» iCsf friable quartzite with a silica content of 
per cent and ver>^ little iron art said to be available in the 
Dodguni axta of the Tinnkur districtj M^^re* 

Indian silica bricks are made to standard specifications and 
in the crucial tests of actual use they have prov^ equal to those 
of any other country. No foreign materials of this type have 
been imported for many years and the Lndus^ is qnhe capable 
of mecdug any future demands which n^y arise. At the present 
time its productive capacity exceeds the inicmal demand. 
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ANALYSES OF INDIAN SflJCA REFRACTORIES 
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The fiikilpa- m bolh ih^ lobla have already heeu quoted by Wi H+ Baits. 

‘ Qayiil h s luune givm in a vpcxdality |n^im In whiw Tnuill uuDUiiti of clay have 
been mni aj a bood replacing the mcrrc lawal Umcn Siich bridrs have been taiieebr used 
by the ludiaii Iron & Steel Ltd aod oliten for mke ovoi liniagSr 

CHROMITE 

In addition to its u^es already dscribed under Chromium, 
chromite ia a valuable refractory material, an application which 
is important enough to account for some 40 per cent of the world^s 
annual consumption of the mineral at the present time, it is 
often described as a neutral refractory matcriai and it is em¬ 
ployed in steel funmcei, as a layer between the basic hi^rths and 
the acid (siliceous) rooft, whi<^ if heated in contact with one 
another are likely to fuse owing to the formation of fusible si!ii^ 
cates^ Bricks made from chromite are riot harmed either by 
contact with ma^i^ian (basic) bricks or add (silica) ones. More¬ 
over, chrome bricks when properly made should only commence 
to soften between about 1850“ and aooo* C. Of late years linings 
of chrome-magnesite bricl^ have been increasingly adopted for 
the hearths^ ends and back and front walls of sted furnaces, and 
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be to cxicxkd their use to the rogS as 
wellt tjcveiopmcnts Air which their smbliityp Deutraiity and resist* 
ance p are largely responsible. In Cenmn practice, 

rwf of atcel Airaaccs extending over t^oon to i^oo heats 
have been quoted for chrnme^magnesite bricks, compared with 
about 4OT beats from silica bricks under similar operaW condi* 
iioiu^ '^c me of eluume and chrome-rnagnesite bricks la not 
confined to ibe steel mdustry and they are med in many other 
cyp« of mcrnUmgi^^ "f™ where neutral linings are necessary. 

1 he mode^ brick of this type generally contains about 

70 per cent of mroimte grains (coarse and medi um ] and qo per 
fJfL inagnaic in the finer fraction. It ha, 

Kni>i f most amiable ebrome ore for the chrome-masneaitc 
bn<^ for a stnl fi^c* roof should contain let, tbiuii8 per 

manufacturing procc^ are much the Htne a, 

, ^ Eiagncsitc brides, and the same high 

WvT^ are necessary to produce a suitable article. Chromite 

t^H m India by the Tata Iron & Sled Co. 

iid’ <llL? ^ Kumardhubi Fireclay 

irwft* * IK ■ ^ annual produetton of about a,600 

^“d5t&e u«f art^. and can be 

comparison with those*of Pa£1^ of chrome or«, m 

foilwinu remart* • *Tli-added the 
lojiowing remaiks. The Sn^jiibhum cknmia dc^iiu whiti 

OOMTOSmoN OF PiDlAW BRICKS 
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used for mdung refractories, axe mmed by a numher of 
holders, who me crude and wasteful mirung methodS], with the 
result that there Is danger of permanently damaging these deposits. 
We believe that a systematic national policy rega^ng these and 
other raw matertaLs is necessary to pteveni their depletioi) by 
injudicious and uncontrolled export and crude mining methods.' 


BAUXITE AND THE ALUMINOUS REFRACTORIES 

Although bauxite is someiimcs added Ur fireclays to mcrcasc 
their ^umina content and the refractoriness of the firebricks 
made from them, the term * almninous refiactorics ‘ should be 
bimt^ to th(^ con^ning more than 45 per cent of alumina, 
and is correctly applied to bauxite bricks tvith an almnlna con- 
lent of Irom 45 to to per cent of alumina, or to the mullitc 
refractoncs from kyanite. sHlimainte and aadalusite, 

descriptions of which follow* 

Bai^tc is a rarer and more cosdy mineral than fireclay and 
oi^ ^ to bear heaw freight charges to the works where it is 
; furthennore, it hj« to be calcined before being mixed with 
the which supplies the necessary plasticity for moulding. 

V^ii^wLv ^ during the calcination process, 

w ^ tempemtures between 1200’ 

and 14M a, bauxite require a temperature of 1500" C. 

if a su^iently sn^ fafick is to be produced; it is not sur- 
I^mg therefore that they are expensive and used only in snecial 
^nuhon, where nnusuaUy high temperatii«n« m« wjST^ 
in the linings of rotary cement kilns, or. asain iti nth*rx 
^^ce to basic s^ is r^i^. RegiaSd brands of bauxi te 
bneks made m India ^t^n from 60 to to per cent of aiumina, 
and fax^urably m both composition and perforSmee 

with the bat of foreign products of the same type. W. Gilbert 
stata that 11^ 60 per cent Indian-made bauxite brick, the muliite 
content u about to per cent, the mcltW-uo^t r 

whilst under a of 35 lb. to the ^H^nd 

tcmperaiures m the region of 1600° G, witnstana 

umatiom 

rou.*.- 

SILUMANITE, XYANITE AND ANDALUSIXE 

The mincT^ sillimanite. kyanite and aadalusite are all sili- 
cat« of alurnimum poMesmg the «m« chemical compoititm, 



31LL1UAN1TE 4^5 

AljOj.SiO^, aiid made up of 63-a per cent of alumina with 36*8 
per ccni of silica, but diflering in their phj^icai properties. When 
heated 10 1545“ C,* all three tniiieFaU citangir Into muUite, another 
aluminium silicate with the fonnula gAl^Og.aSiOjjj coo Laming 
71-a per cent of alumina and 58-3 per cent of silica, which is 
itself stable up to a temperature of 161O* For most refractory 
purposes, ireclap such as those whose competition has 

already been dcaciibcd are adequate raw materials, for they too 
on strong heating form mullite^ though it is more or less con¬ 
taminated with silica in the form of cristobalite, ^Vhen the 
finished refractory articles, how.Tivcr, have to endure unusually 
high temperatures^ or the attack of corrosive melts and fluxes^ 
condiliom under which norroal fireclay products break down, 
raw materials containing more silica or more alumina arc called 
for^ The uses iind the limitations of silica bricks are described 
on another page: die minerals to be dealt with now belong 
to a group known as the * high alumina refractories^ 

Kyanite is the commonest mineral of the three but its con* 
version into mullite involves an increase in volume of about 18 
per cent, at temperatures over 1350* G. It has^ therefore, to 
be calcined before use, though the shattering which it then under¬ 
goes eases its later crushing for manufacturing purposes. Fro* 
ducts derived from calcint^ kyanile are often referred 10 as 
^ siliimanite * ui the trade. Mullite has many propenics of value 
in the ccmmic industry, and porcelain made from it possesses 
stabili^' at high temperatures, good mechanical strength, a low 
coefficient of expansion and a high electrical resistance. It is 
not a plastic minetal and must be mixed with clay to make it 
workable, before being shaped by any of the usual methods^ 
tamping, pressing, extrusion, casting or jollying and turning, 
dep^ding on the size and coofiguiation of the article required. 
Ordinary siliimanite ware contains beween 40 per cent and 66 
per cent of siUimanite and 60 per cent to 34 per cent of fireclay. 
&peci^ quality siliimanite ware may contain up to 95 per cent 
of siliimanite, and higher quantliies still arc said to be obtainable 
by mixing the sillinmnite with silicon bect. Ordinary siliimanite 
ware is fired at lempcraturcs of about 1500^ C. to 1600* C,* the 
spmal ware at higher temperatures stiH, in fiunaces lined with 
siUunanite bricks. SilLunanitc wares have their applications in 
the manufacture of sparking plugs^ p>Tometcr tubing, electrical 
and laboratory porcelain, saggars, and * fruniiurc ^ for the sup¬ 
port of heavy pieces of china and porcelain in the kilns during 
firing.^ High-grade powdered iyanite is also used as an 
ingredient of low-alkali glas$. 

It is as a refmetory, however, that mullite finds ii^ widest 
usage, for in addition to its qualities already mentioned it has 
others peculLarly adapted for this purpose. They include its 
freedom from volume changes, iia neutral reactions, its resistance 
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m thermal shock and spallings es well as to the chemical attack 
of many gases, fluxing oxides and silicateSj besides the abrasion 
caused by moving charges^ It can cany heavy loads ac high 
temptfatura, posses^ a moderately high ihctiua! conductivity 
and is equally eScLcait m oxidking or reducing atmorohcics. 
It ij not surprisingp therefore^ that it has proved cmineiitly suit¬ 
able, in the form of pze^bricated bricks^ blodcs and shapesj for 
industrial furnaces of many kinds, including those for high-mcLting^ 
point alloys, in which it is reported to have ten times the life of 
fireclay refiiacioracs; glass furnaces, tanks and pots and com- 
ponentii used with them, such as burner blocks and tubes for 
feeding molten glass to the forming majchincsj: combustion cham¬ 
bers; cement and pottery kiln linings; gas and oil fire-boxes; 
retorts, muffles, crucibles and small articles of many descriptions^ 
A considerable proportion of kyaniie refractories is iised in electric 
induction and indirect arc furnaces for melting non-ferrous metals 
and their alloy's, as for example in the refractory transformer 
Eliots of induction fijumaces for the preparation of oxygen-free 
higb-conduclivisy copper. Refractor^' linings of kyanite pro¬ 
ducts m some types of copper refining furnaces art reported to 
have Lives of at least one year, compared with lives of one to two 
months in the case of the refractories they have replaced in British 
practice. MulLite and other high-alumina refiractories, however, 
are unsuitable for cxpwnre to iron oxide slags. Cements, mortars 
and plastic ramming mixtures made fix^m mullite are also on the 
market. 

Another Indian mineral which may be used for refractoiy pnr- 
poM is dura^ieri te, a borosincate of aluminium, Al^BSiaOntOHJ, 
which contains 64-6 per cent of alumirm, per ceut of silica, 
5'5 per cent of boron trioxide and 1*4 per cent of u^ter. It 
too decomposes into mullite at about 1350° C. Dumorderitc 
it nuned in Nevada in the U«S+A., mainly for use in the produc¬ 
tion of electiTcaJ porcelain for sparking plugs. Dumortierite, 
like sillimanite, can be used for some refiractory purposes without 
pwious caldnation, by reason of its relatively small dimensional 
change on convmion to muUite. Topaz, ^e fluorine-bearing 
sUicate of alumimum A]^tO|^(F,OH)-, contains 55*44 P^" 
of alumina and like the mineniis of die silltmaiiite group forms 
mullite when heated to a high temperature. When the supplies 
of Indian k>Tajiite imported by the United Stales of America 
dimiiushed during the last war, calcined topaz, or mixtures of 
donraiic kyanite and topaz from South Carolina, wore used as 
substitute in the manufacture of refractorie3+ Indian topaz rock, 
heswever, is more likely to be of value to India for its fluorine 
TOntent of ^0 per cent, particulariy for making lead glazes and 
borwilicate glasses,^ and perhaps even as a substitute for metal- 
Jiugical fluorspar in the steel and aluminium industries^ It 
rtiuains to mention that refractory bri cks having approximately 
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the conipoaitioQ of mollitCj of other higher alumina to siUca^ 
ratios, can be made by firing muct^iM of suitable clays with cal¬ 
cined alumina minerals such as bauattCj A1^0g.aH|0, or (hasporCi 


Al,Oa.H.O. 

Slliimanitc deposits of actual or potential commercial import^ 
ante occur in India iti Assam, Rewai Bastar and Travautore^ 
The sUlicnanite^orunduni deposits of the fChasi plateau In 
of which twenty-one are tnown* lie ajmewt entirely in ^e 
Nongstom area, about the villages of Sona Pahar (Nongwawdt), 
Nongpur and Kongbaim Most of them consist of masive iilh- 
manite with a IMe corundum, one or two almost entirely of 
conuidum and several of sitlimanile alone. They are asMCiated 
with cordierile^biotiteHiuarK-inicroclmft gneiss and^ Billimamtc- 
quartz schists and are mtmded by granite. Impurities are not 
abundant and, according to V. P. Sondhi, a minimum quantity 
of £51^000 tons of siLlimanite is available to a dep^ of ao feel* 
Worked Originally for corundum by the Khasi Mines Co.^ the 
presence of sillimanite was first detected in a consignment sent 
to London in 1921. Between 1916 and igai^ valued 

at over Rs a lakhs were won, though the greater part of this vras 
probably corundum^ The inacccasibility of the region has pre* 
vented dcvelopntent^ but in Z94i&, on the completion of a road, 
23 miles in length, from Nongwaweit to Harm at the foot of the 
plateau, operadotis were resumed by Messrs Ptlkingion Brm- 
glass manufaciuren. In 1951 a company, Assin Sillimariite 
Ltd, wai registered, of which Sled Bras . & Co. Ltd are the manag¬ 
ing agents. 

SUlimanite occurs as boulders weighing up to 40 tons. The 
large boulders are blasted into fragments of which a^ut a quarter 
is sufEclently large to be sawn into blocks of one cubic f<»t or more 
in size ^ the remainder is crushed and graded into three si^, 1 inch 
mesh, 5x5 mesh to the inch, and 10 X to Hiesh to the inch down 
to dour Suitable for direct use for making rehactorica and certam 
porcelain. The entire product is transported over 75 miles by 
road to Gauhati from where It is shipped by river steamer to 
Calcutta for marketing within the country and overaeaSi The 
lar^ pic^ are sawn into blocks at the sawing shed of Assam 
Sillmiamtc Ltd, at Paharpur in the Kudderpore dock, GalcuttaNi 
The plant, whi^ commenced operations in ^ptember con¬ 
sists of two saws with dLamond-impregnated phosphor bronze 
blades, motor-driven, rise and fall model with cTOsartraviersc table. 
The blades are manuihctujed by Impregnated DiainO'iid Products 
Ltd, Gloucester, England and consitt of steelp 4®* diameter and 
0-399' thick j 68 phosphor bronze segments i* wide by |* thick 
are brazed on the rim* Each segment is in depth and_ contains 
mduacrial iiiATnf>] ^ d5 sintered into the metal. The sinimanite 
blocks sawn are usually i8' X t2' X 8' size, equal to one cubic 
foot. They are suitable for refractoty Unmgs for glass tank furnaces' 
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and ihc like and are said to have a useful life of t^’o yeara or more 
far these purposes. Thesawslied ai Paharpur, CaJeut^ has made a 
complete set of 740 blocks for a sheet glass tank under construction 
at AsansoL for the Hmdusthau*PiUd£igton Glass Works Ltd^ a joint 
Indo-Britbh concern. - Experiments have shown that bonded 
blocks of crushed natural Kh^i siUimanite can be made with as low 
as i6i per cent apparent porosity by using a small proportion of 
^^catgon*" (sodium hexametaphosphate) in addidoa to a smaU 
quantity of clay. Excellent results have abo been obtamed by the 
use of polyvinyl alcohol as a biondmg medium^ It has also bera 
demonstrated that artiheial sillimaiute " or **mullitc*" rtfrac- 
tarieSj manuiactured with calcined kyanitc as the principal iugie- 
dientj will show an increase in volume stability when a substaniial 
portion of crushed natural Khasi siUimanite is added^ The addi¬ 
tion of naiural Khaii sillimanite also enables a sharper mould to he 
made if this is desired* Bonded natural Khasi sillimanJte blocks 
can be made capable of giving an exceU-sat performaiice and can be 
produced to cope with a w^orting temperature of 1650” G. Such 
bonded blocks are considered suitable for electrical arc-fumace or 
regenerator roofe of up to ten tons capacity, tapping with the roof 
icmpemture at 1750^ C. Such blocks can be manulkciured at less 
co^t than the massive sawn blocks and can of course be moulded to 
any desired shape^ including curv« or tubo.’ (Dunbar) 

The conmdum-sitlimanjte deposit of Fipra, Rewa, Vindhya 
Pradesh, is referred to under CoRUNnw, Ji, A* Dum, taking 
an average depth of only 30 feet into cousideration, estimated 
that about zcx),cxx> tons of good material are available hem,^ 
though owing to its intimate mixture with other minerals the 
poasibilipf of itjcovering hJgh^^grade sUlimanite is limited* The 
locality is ibo miles horn a raihhead at Mirzapur, to which trans¬ 
port is by pack bulloc 3 L Minor deposits of siUimanite are asao- 
emed with fiilHmamte^tourcualinc rocks near Fobra, Bhandara 
district, Madhya Pradesh, and others are known near K.eriap*l^ 
Samsatti and Chintaguppa in Bastar. The mineral has also 
been reported from Hsipaw^ one of the Northern Shan States 
of Burma. In some oounbries both sLUlmanite and kyanite are 
recovered on a commercial scale from schists containiiig to to 
15 cent of the minerals. The abundant khondalitct (silli- 
manite-quartx schists) of south India are a potential Hource of 
supply which may come to be drawn on in the friture, as may 
ro^ ^ch as the quartzites of Beltabidp in Mysore, wtdeh contain 
radiating mts of sillmianlte, up to one foot in diameter* Indeed, 
33 tons of sillinianite were recoverixi in Mysore in 1950. 

Sdlnnanite concentrates arc recovered as by-products in the 
separation of ilmoute and monazite from the beach ff^ndi of 
Travancore. The zircon, rutile and Billimanitc Icfl after the 
removal of^ the other constituents are recovered in lum by 
gravity tabling, electroatatic and dotation methods. Output here 
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commenced with 138 tom valued at Rs 1,835 ^ 93 ^^ while the total 

recovery for the decade 1936-46 was 1,342 tom of an estimated 
value of Rs (7,883+ In 1947 and 1948^ a funher 259 tom were 
producedj ^'alued in the official reiurns at Rs 22,277^ After a 
lapse of 27 years, Assamese sillimanite again appeared in the 
mineral returns for 1948 with an output of 190 tons, which rose 
to 864 tons m 1949 and to 1,352 tom in 1950. The Pipra deposit 
in Rewa yielded i ro tons in 1949 and joo tom in 1950. The 
total production of sjLIimanitc in India was 1,475 valued 
at Rj 1,10,048, in 1950, against 974 tom and Ra 73,936 in 1949, 
The kyanite deposit of JLapsa Burui the largest of its kind in 
the world, has been responsible for much the greater part of 
Indians total preduction of 463,793 tons of this mineral p valued 
at Rs 2 j7o, 68^756, since operations commenced in 1924^ up to the 
end of 1953. It b dtuatcd in Kharsawaop in the State of Bihar, 
where the Indian Chopper Corporation Lid has several quarries. 
None of these are of any gpreat depth and much minerd u re¬ 
covered from surface deposits, in which the k^aniEe b found as 
pebbles and boulders of sizes varying firom i inch to 6 feet in 
diameter, huried to a depth of 5 or G feel. It is in the form of 
a ma^ive, medium- to coarse-gTaJned rock of which kyanitc 
itself b almost the sole mgredient, but there arc also great beds 
of kyanitc-qutajLz rock containing segregations of the mintraJ, 
often as long, biaded crystals. To a depth of only three feet 
below the sc^ifece it has b«n esttmated that there are still 300,000 
tons of massive fcyanite available, although an csqual tonnage has 
been rab^ up to the card of *951- 

Ky^tt is known to occur along a belt some 80 mil« in length 
scrctching cast aJong the w'e3(em part of Kemil^la Estate, through 
part of northern Singhbhum, thence through Kharsawan and 
SOTjkcla into Dhalbhum, turning to the south-east as ^ as 
Shirbai dangri. Thus for much of its length thb kyarute-bearmg 
tant^ follows the northern side of the Singhbhum copper bdL 
In Singhbhum the mineral b won near Ghatsila by Eastern 
Mincrala Ltd, whose operations started in 1934, and at K^yaluku 
Murray, since 1^4+ There are abo quarries at Badia, 
^ptfbenda, Mohanpur, Upaiaoli and other localUics. 
Small deposits arc known in Manbhum, ejrtmding for seven 
nnm tn a narruvir ^one from Ichadih to Salbani, but they are 
said to be too micaceous, for marketing without some form of 
tonc&^tioti: more recently, however* D+ IC Chaniira ha* 
mum further deposits and he considers that those at Haitiral and 
nandudih are well worth further prospecting. Small occurrences 
knofwn to esdst in Dhcnka^, Bonai and elsewhere 
m Oriaa, Dumorticiite occurf in placed with the Stioghbhum 
kyamte rKks and b partieuiarly prevaleni at Mohanpur, 
IXnnoiticrite, besides kyacitCi b known to occur in com- 
n^rreia] quantities near Panijia in Mayurbhanj. Perhaps the 
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beat deposit of topaz rwk^ states J. A* Ehinn, lies to the south¬ 
east of Lapsa Bum, in. Khamvwan, hut tt has also been mined 
at Ghagidih, in Smghbhunu Segr^tions ef andaJuaite have 
been found to the south and west of Daoatauri, which is also 
tn SlnghbbunL 

The resources of other regions have not receiveci the attention 
given to those of Bibaxp but it is known that hnpurc kyanite^topaz'^ 
duraiortierite rocks Oficiir at several places in the Bhandara district 
of Madhya Pradedh. K-yanile-quartz rocks crop out at Ekvara* 
konda and other pJaep in the Nellore district of Andhra, 
according to V* Swaminathan^ and coanc-bladcd kyanite has 
been found near Chundir 35 milca h'om Smgamykonda in the 
same districts The Krishna hlining Co. owns kyaniie quarried 
nw Saidapuram, in the Kapur taluk of NcBorc, where the 
mineral occurs in Zong^ thin blades in rtiira schists. Small 
amounts of this varie^ have also been exported from time to 
lime &om the Hassan district of Mysorej,. and from Ajmer-Mcrwajra. 
Gomndum-kyanite rock with 63 to 65 per cent of alumina is 
exploited near Makavalli^ in the Hassan district of Mysorcj 
where the known reserves total some 90 ,ooo tons. Flattoicd 
boulders of massive, coaise*texturcd, rocJc ky^rdte, up to three 
fect In diameieTf have recently been founds though not yt niv, 
3i imics south of Mcrcara, m Goofg, The mineral h a 
constituent of the local gneisses, often occurring in them in the form 
of small knots and lentidei . 

The theory has been advanced by J* A. Dunn that the kyanite 
and related minerals of northern India are derived from the 
metLmorphism of bauxite or similar clays of aedimentary originj 
and t^ exmior^nary persistence and regularity of the Singhbhum 
beat m which they occur suggests the presence of a zone in the 
Archacana containing Icnticlcs of such almninous rocks. 

Pure ^™te should oontain 63 -2 per cent of alumina, and the 
ccjnmiJiTiu^ standard used in the United States of America has been 
at 5&.y OT rat. Some varieties of the mineral, from both 
Singhbhum and Kharsawan, frequently contain up to 6S or 69 pa- 
cent of alumina, betraying the presence of finely divided corundum 
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wich ihc kyacdle, an associadoD whicii may be advan&g)eoiu to ihe 
user. Some Indian producm market th™ disdnet types—a high* 
grade comaining Ga to 64 per cent AJj-O*, a medium-grade with 
5$ £Q 6a per <xnt and a Low-grade containing from 54 to 56 per cent 
of alumina. 

Undl 1938 the whole of Indians production of kyanite waa 
exportedp but in that year ‘ siJlimimite blocks for use m Indian 
gla^ factories^ bricks and Dther refractory articles began to be made 
both by Bum Co. Lid at Eaiuganj and by the Fireclay & Silica 
Works at KumardhubL The amounts so consumed averaged 
654 tons per annum for the sia years 1938 to [943, and i^aGo tofii 
for the iwe year^ ending 1948. Exports of kyanite are now con* 
croiled^ and in 1950 were limited to an overall annual quota of 
so^ooo tons of all gi^es. 

Considerable quantities of Indian Lryanite leach the United 
Slates of Americai the average for the five years ending 1943 being 
7,466 tons^ though In individual years the tonnage has sometimes 
exceeded twice this amount# War conditions and lack of Ehipping 
interfered tcriously with this as well as other branches of the foreign 
trade# In the United States it led to increased production of 
d<^«tic ky^te. to attempts to form products from fine^grained 
Virginian mineral^ comparable with those made from the large- 
grained Indian varieties^ and to the substitution of calcined 
andalusite and topaz. 

The leading position which India has hitherto occupied In the 
kyaniie trade is being challenged by other countries j moreoverp 
other mulUte products are already in the field as competitors of 
those made from kyaniie and its associated minerals: synthetic 
sitllmanite is now manufactured from properly propomoned 
mixtures of suitable clay^ ftacd aluminaj aJuminiuni hydroxide 
and feldspar# It is in the interests of India, therefore^ that the export 
of these raw minerals from her unique deposits should be mplaced 
as far as possible by the sale of processed produc^ and, in due 
course, by goods manuiactured from th em. For instance, a few 
yta^ ago, whoi Indian kyanite was selling at Atlantic ports in the 
United States of America at ^30 per short ton [plus a sm^l premium 
for grades low In iron), a calcined, finely ground produci, low in 
iron, bringii^ a ton# In her modem refractory works 
and in the skill of her 0™ specialists the country surely peuMaes 
the ways and means not only to meet the growing demands of her 
own glass and other industries^ but to make hmsbed products 
acceptable to overseas markets at compcdiivc prices. Much 
kyanite has been won from scattered surface debris and from 
boulder deposits in the subsoil; too little attention has hiiheito 
been paid to the more important rock sourcra from w'hich they 
odfinate. It is tme that thick, superficial covering make this 
task difficult, but it is necessary to undertake it all the same. Quite 
apart from thJs^ there arc possibilities of finding further deposits 
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in SinghbhvoDt tspecially in tht cxtcn$loru of the demarcated belt 
be>'ond its present limits in the Porhat. More attention should 
airo be paid to Indian andalusite occurrences, such as those of the 
Mulbalpalle-Oandigimdal belt in the Yellandu taluk of Hyderabad. 

ZIRCON 

The natural sUicate^ zircon, ZrSiO*, which contains 67*2 per 
cent ofalrcoaia and '0perccai of silica^ is stable to about 180O® C-, 
when it dissoeiats into zirconia, one of the most rd&actory sub¬ 
stances known, and a siliceous glass, the change being accompanJ^ 
by an increase m volume of some ^5 per cent. Both aircon and the 
natural oidde^ haddelc^'ite^ ZrO are used to an incrcasuig extent 
in the manufacture of rc&^tories of many kindSj including bricks 
and shapra for metallutgica]^ heat-treaiment and electrical fumaceSi 
burner blocks^ moltm-mctal-pouring tubes and nozzles^ high- 
Cemperan^ saggars and crucibles. Zircon rcfiactorics have a 
comparatively low oodScient of expansion^ fairly high ^ennaJ 
condutdvityj adequate strength^ aiuJ high refractoriness under 
load, a combination of properties accounting for their spalling 
resistance. They are also said to have a good resistance to most 
coal ash slags, to lead oxide slags, to molten caldum metaphosphaie 
and to be very suitable for aluminium nemelting furnaces, but they 
do not withstand the action of iron slags very wdL Zircon cruci¬ 
bles arc used in the melting of platinum and platinuin-^rhodium 
alloys in high-frequcTicy induction furnaces. Graded zircon sands, 
m^ed with suitable bonds, such as plastic refraciory clays, with or 
without the addition of sodium silicate, arc used as ramming 
cements^ plasters and protective coatings. They are also utilized 
M foundry sands. * Zircon may also be bonded with hydrolysed 
silicon ester to provide a quick-setting refractory cement. Such 
cements find application in the preparation of refractory moulds 
by the lofft-WM props' [F. H. Qews dt A. T. Green). Zircon 
porcelains find n place in sparking plugs, high frequency insulators 
and laboratory ware, as well as in some t)'pca of hcat^ and chc^cal" 
rcsisiing glasses. 

Large transparent crystals of zircon may be of value as predous 
stones and arc described under Gois. The distribution of the 
mineral in India and its usa as a source of its parent metal arc 
considered under ZmcONnru. 


TALC 

Talc ts a hydrated silicate of magnesia, 3MgO4SiO,.H,0* a 
very soft, sectile minera] most familiar in its compaet, massive form 
of steaute (soapstone), or potstonc. When strongly heated the 
water ^content Ls driven off and the mineral breaks up into clino- 
czLstatitc and free siLLca, the fomaef being another silicate of 
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m^igncsiuiii "with, the foirnula AlgO«SiOff and a hard fubatance 
practically mfusibLc al ordinary temperature ranges^ Ladeedp iti 
flame is derived from a Greet word tneaning ofipon^t Ln allusion 
to its refractory nature. Clinomstatite If of con™ the monocUruc^ 
dimorphic form of the more &J 3 iiliar orthorhombic pyroxene which 
bears the same name. 

The ancient crafrsnten of the Mohenjodaro and Karappa 
civilhsations were well aiftaire of these properties of talc frve thousand 
yean ago* for they exercised their skill on steatite^ engraving their 
stamp-seals with representations of animaia and raytholo^cal 
scenes^ before subjecdng the carving to heat by whicK ih^ acquired 
hard, white^ lustrous, enamelled surfaces. Small sculptures, 
ornate bosses and vessels were also made from the mineral during 
those early times. It has been an age-long cusiom^ which persists 
to the present day In India, to carve and then 10 fire, pots, bowls^ 
plates and other culinary articles of talc. Such calcined 
talc, known in the trade by the nusnomcr * lava is still used 
for the tips and nozzles of gas-burners^ the identical purpose 
for which the mineral was first exported from India some 7* 
yean ago. 

Its unique properties lead to multi&xious uses but here wc 
consider only those concerned with the ceiamic or refractory 
industries^ leaving the others to be outlined in another chapter. 
Steatite slabs are employed as linings for various lunds of siovia^ 
oiiens and fire-boxs. Sawn blocks of soapstone are used in 
CanadLan wood-pulp and paper mills as linings for the alk^t- 
recovery furnaces and kilns. Bricks made from crushed steatite^ 
bonded with silicate of soda, form the reverberatory fiiniaM in 
which the crude lead bullion is softened before being dcailveriied, 
at the Port Piric refinery of Broken Hill Associated Smcltcfs Ltd 
in South Australia. The icmpci^ture*coiitrol ftimaoes at these 
worka are of similar type. 

Within the last few years, pure talc of* lava * grade has assumed 
a new importance owing to its adoption for the manufacture^ of 
low-loss ceramic materials required for high-frequency insulatioa 
in all kinds of radio, radar, television and related instrumenH- 
Cut blocks of the pure, solid mineral 1 capable of being intricately 
machined or threaded, or t^c in the powdered forni, linec from any 
admixture, w*hich could be die-preased in a dry or senu^^ condi¬ 
tion into the compUcated shapes required by the eleciroiiic industry, 
W'erc of Critical strategic importance during the last war and 
commanded prices fer in advance of ail the other market 
varieties^ 

Steatite bodies for use in electronic equipment should contain 
sulficient talc 10 form a crystalline network of clinoenstatite after 
firing, and in practice they often start with Bo to 90 per cent of the 
mtueial. For case in working, small quantities of plastic kaolin 
are Incorporated, but the addition of equally small amounts of 
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potash feldspar for fluaing puqnKa has b«aa stiper^cd by the 
use of barium or inagocsium carbonatH^ or both. CUnocastatite 
bodia have bettp* deetHcalj volume raisdvity as wd] aj greater 
tensilcj compressive and impact aitneng thi than porcelain. 

When properly proportioned mixtures of taJc and clay arc hred 
the m^eaiuin alummum silicate, cordieritc* aMg0.2Al,0|, 
5StOf, IS formed and it is a compound which possess^ an extremely 
thermal expansion* 'Consequently/ in the words of S. B. 
Roy and Y. Vareney^ * cordierite^coritaining bodies do not easily 
feacCure when subjectn to sudden tempemture changes and show 
ihcrmal shock-resistande-^ TTicy are empLoyedj therefercj 
^ the manttfecture of cooking warcj heat radiator parts^ stove 
frontSg burner tipSp themio-couplc insnlatorsig and for many other 
articles compell^ to undergo repeated and rapid heating and 
ewung, such as the plates of eiccnrical heaters and the cores of 
electric^ rewstors. TaJe-day b^es have also been found effective 
agi^nst crazing a term applied to the development of nunuie 
hmr c^cks in the glazes of wall riles and other poroui bodit^ 
through the ahsojptiDii of moisture. It is unfortunate that the 
n^tx the talc-clay mixturn approaches theoretical perfecdoos the 
ihorter becomes its ^sermissiblc firing range^ that is to say the 
difference ^tween the correct firing tempera lure and the tempera- 
ttire at which softening begins, though to widen the mnge other 
r^tena^ such as zircon are lometimes added to the batch- The 
theleetric propemea of cordicrite bodies do not differ greatly from 
those of porcelain, ^t they arc still useful for parts of electronic 
apparatus whose dimensions must not change apprcsciably with 
al terauofis of temperature- 

Bricks compos^ predominandy of forstcrite, ^HgO-SiOc, have 
tuir special applications as refractories, particularly in the roofs 
of coppcr*smeItmg^ furnaces. They are made by firing mixtures 
of talc and magnesite to temperatures of 1400" to J500* G., when 
me excess silica of the talc r^cts with the ma^icsLa to form ferstcrUe* 
in pL^e of talc, serpentme^ olivine or dunite may be employed, 
though m these cases the forsterite will be coutammaicd wim more 
or fityahtCi its corresponding Iron silicate. Dunhe is a member 
^the peridotite femUy of rocks, alieady mentioned under 
Qhro^h. Extensive oiitcrD|is of it occur in the higher hills 
Dras, fi^bat and Taahgam, in Kashmir, but they art 
only approachable by a bndlc track over the Zoii Fasi 
fn^aoo feet). 

Ptospeciors should be warned that the mineral pyrophyllite 
^ rasily miitaken for iu It, however, 
IS a hy^ted sihcate of aluminium, AliO,.4SiOa.HiO, which is 
cl^ihcd as one of the day minerals by some authorities, and it is 
A* United Sums of Americap in the cxramic 

and re&actoiy industries for purposes indicated by its aluminous 
raaracter and phytical prapertia^ 
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QXIDE REFRACTOfllES 

THE OXIDE REFTlACrrORlES 

Most of the refta£tory matenals aireaijy dcKTibed are for uk 
in temperatures below 17(50® C,; for higher temperauires still 
recourse must be ma<ie to the pure oxides, alumiiia, magnesia, 
beryllia, zipconia or thoria, and as India b nnusualLy plentifully 
endowed with the minerals from which these are mode, it is neces¬ 
sary to describe them briefly here. In mentioning their ncspetrtivt 
melting points it should be home in mind that iheir h^ts of 
practii^ application naturally lie somewhat btlow these high 
temperatures. 

Alumina (corundtim), AliOi, with a melting point of aoio* C., 
is the iTKSflt widely employed member of the whole group and in 
the sintered form, often termed * sintered corundum is mode into 
sparking plugs^ muffles, pyrometer tubes; fine tuf», rods and 
insulators for vacuum tubes of all kinds; crucibles, boats, dishes, 
special bricks for high-temperature linings, ctc.» as well os for 
mortars^ wire drawing dies, thread guides* ^u|e blocks* fine hones 
and grinding^wheel truing dlscSj. uses which it owes to its great 
hardness. It was also made into experimental bladra for gas 
n^binca in Germany during the last war. Alumina wares of such 
kinds are fashioned from ^ps cost into plaster moulds^ the slips 
themselves being prepared firom aJumina, of the quality used for the 
manu&cture of the pure metal, calcined and ground to a very fine 
powder (0'5 to 3 microns)^ the resulting mud having been digested 
with hot* dUutc, hydrochloric acid and then cleansed by decan* 
taUon, For extruded ortidjcs* the dry^ ground alumina is mixed 
with a gel formed firom aiuminum hydrate and hydrochloric acid. 
Jollying and pressing methods arc also employed for snitabk shapes. 
In some cases amail admixtures of organic l^ds arc used* such as 
gum or dextrine. Alumina wares of these types contain 99-5 per 
cent or more AliOi* and it is ^id that In strengd^ no other ccxamic 
product con compete with them* that they nave hig^ dielectric 
properLies at elevated temperatures* and marked resistance to 
sudden temperature changes. Some varieties of porcelain con* 
tahmg from 50 to 70 per cent of calcined alumina and the re* 
mainder kaolin, fined at tcmperatuirs around 1750® C,^ are dairoed 
to be impervious to gases without gloxliig. 

Fused alumina of various kinds and grades is made in electric 
arc furnaces, the products after crushing and grading being utilized 
in both the remactory and abrasives industri^. Fus^ white 
varieties are mode from pure, calcined alumina; brown and black 
kinds from bauxite with which anthracite has been mixed to reduce 
the iron contents, and from which ferra-^ilicon* generally containing 
16 to 18 per cent of silicon, is recovered as a l^-producL 

Alumina Is also used in the mantdacturc of synthetic spinel^ 
AliOj.MgO* by fusion with calcined magnesite in the electric 
furnace. This lubstance has a melting point of a 130® C., and can 
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be used up to temperatures m the ndglibqiirhood of ipoo° to 
sooo^ It h said to possess a low thermal conductivity and 
resistaacc to thermal shock with an electrical resistance similaj to 
that of alumina. 

Some of the propettics of fused magDcsia are described under 
KIaonesite but it remains to add that it Is made from pure^ 
calcined magnesite in furnaces similar to those used in the manu¬ 
facture of fused alumina, and that it can be utilized in temperatures 
up to 3400^ C. 

BeO, has a melting point of 5570^ and its limit of 
application lies about 3400“ C. h can be formed into pOTcelain- 
iQce bodies useful for crucibles and boats for high-tcmpcraturc 
work-^ Its resistance to marked Buctuations of temperature Is 
superior to that of most other materials. Other properties of this 
refnictocy oxide are mentioned under BEMYLUUif. 

When the natural silicate zlrconj ZtSiO*, Is heated to about 
1775* C. it dissociaim into zirconla, ZrO*. and a sUiocous gh®- 
Various bonds have been used in the manuhijcture of zirconia 
bricks produced in this way^ including a proportion of the mineral 
luclf in a more finely powdered condidon than the rest of the mix- 
Clay and alumina are not suitable as bonding materials^ The 
applications of these rcfraciorifd are described under ZiBjCOK- 
Zirconia itself has a tensile strength surpassing that of alumina at 
tcmpcratttrca between and 1^00* G, It is an amphoteric 

oxide^ resistant to the action of both acidic and basic melts; more^ 
oveTp it withstands the action of reducing gases and is used in the 
form of crucibles for platinum melting and the preparation of 
alloys of the metals of the pladnum groupi SmaU quantiiies of 
magnesia may be incorporated with zirconia without impairing its 
safe working limit of al^t ^500"^ C.. 

Thoria, ThOwith a melting point of 3050°' C. and a safe limit 
of application of about 2700® C-* is an oxide of extreme rdractori- 
ness. In addition, it has a very high specific gravit^\ is compara^ 
tivcly inert towards ehemicaJ reagents, possesses a high coefficient 
of expansion and a low conductivity. It is fused in the carbon arc 
and made into crucibles used in the refining of the precious metais. 


GLASS SAKDS 

Cb^najy' glass^ b a mixture of the silicates of sodium and 
calcium in a solidified, undercooled condition, mode by melting 
together pure sand, limestone and sodium carbonate in the correct 
proporuonj. Glasses for special putposes contain other elements 
m place of the sodium and may include, amongst othersp potassiump 
lead and b^um, os well aa wron in place of some of the siliconp 
Common window glass, plate glass and gloW for bottles and table¬ 
ware are soda-lune silicates made to varynng prescriptions. TTie 
hard Jena glass of chemical laboratories is a potash-lune glass. 
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Flint glass if a Icad-poush silicate ^ Lustrous and with a higher 
index of refraetion than many other glasses, it h ijsed in Icns-maiiiig 
and for omajoentaJ cut gl^. Ciown glass is another variety 
contaming potassium or barium and also used for optical inatni- 
ments. As ihiit note is primarily concemed with glass sand;» it 
should he stated at onoc that the silica eoncent of most of the glass 
made in India today varies between about 7a and 78 per cent. 

An mferior glass has long been made in India by fusing the 
alkaline efBorescence known as which in its impure state in 
certain localities contains sufficient silica and lime for the purpose^ 
though sand if sometimes added in that fonn^ or as powdered 
quartz. Archaeologists ha\’e not yet decided when gla^ was first 
made in the country, but when it is recalled that frits and glazes 
were used by the Ikience makers of Hajappa times, it is unlikely 
to have be™ very long after that period^ A prehistoric glass 
works site is said to have b«ii locat^ recendy at Kopia, Budice 
district, Uttar Pradesh. According to Dr E. Roficnthal, the 
remarkable^ translucent, ceramic ptwucta made in China in the 
time of the Sui Dynasty (aj>. 5&I“6i 7), and at the beginning of the 
following Tang Dynasty (x.n. * pmbably the fiirat real 

china ever made ** were made by "* ikilfrii ChimSK workmen trymg 
to Imitate glass articles which had found their wray to Ghiim from 
India ^ Whether this is apociyphaJ. or not, the fket rrnialns that 
the beginnings of the glass industry in India lie in the very remote 
past, and that crude glasses have been made throughout the 
centuries^ mainly for the manulacCiiTe of tfairii (bangles). 

In early Muslim times a colony of glass-blowers (sMfwas 
established at Firozabad in Uttar Ptadesh, while the glass-wwkers 
of Gazulapet and Klamkonda, in Hydcral^ad, have practised their 
trade froin an unknown past. In 1856 there were two glaai factories 
near the Lonar soda Lake of the Buldhana district, Madhya Pradesh, 
and an mdigenous indusuy^ has existed for at least 130 years at 
Matrod, in the Chitaldrug district of Mysore, using local quartz 
and soda from surface efflorescences of the ^me district. Similar 
examples might be quoted from the Punjab. 

Modem methods of tnamifacture commenced about 64 years 
ago ; betVp«n 1B90 and 1900 fivT! lactorir^ were established, followed 
by 16 more between ipo6 and 1913^ Some of them ^ited and the 
rest were languishing when the first w'Orld war (i9!4-i8j, by 
stopping impons from abroad* Lrmught about a revival, so that by 
19 [B ateut ao factories were at work. Foreign competition soon 
reasserted Itself, and, in 1923, led to the imposidDn of an import 
duty of 30 per cent on glass bimglcs, beads Eind false pearls, and of 
15 per cent on glass and gbss-warc, the latter being increased to 
2Q per cent in March 193*# then to 35 per cent In September 
of the same year. By 193^ there were 59 facioria at wtJrk, of 
w^hich were entirety occupied with the manulacture of glass bangle, 
and by 1938-9 the number had grown to about loo* distributed as 
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follow?; Umtcd Ptovinoa 38, 28, Indl^ Stafeo it, 

Bombay ig, Punjab 3, Madras i, Delhi 1. The second world war, 
by causing the cessation of imports friom Czechoslovakia, Gcitnany, 
Be^um and Japan and by grcaiiy restricting those from the Unit^ 
Kingdom and the United States of America^ enabled the home 
industry to develop rapidly though there was the inevitable setback 
as trade became more noirnal again in the post-war years^ The 
TarifF Board, which had already reported on the industry in 1931, 
submitted the results of another investigation in 1950, and this 
resulted in the manu^tiirers of sheet glass obtaining a protective 
duty of 45 per cent ad vakrtm for a period of two years. During 
the war period the number of glass J^tories increa^ to 174, and 
production rose from 6 mlLlion square feet of sheet glass and 43,tK>o 
tons of glass-ware to 13 million square feet and 1,10,000 tons 
respectively. In 1950 there were 254 glass factories in ihe Indian 
Umon alone, of whi^ 131 were producing glass and glass-ware and 
93 wcjfe entirely devoted to the manufacture of bangles, beads and 
* pearls': as regards their distribution, 114, including go of the 
bangle iactortes, were in Uttar Pradesh^ 34 in Wot Ben^, p in 
Bombay, and the nest scattered In various parts of the land. With 
the exception of the bangle^makcrs, the majority produced con- 
tainm or lamp-ware. There were abo at that time some ^0 or 
30 works making tabie*ware as well as containers, 3 manu^turing 
ibect glass and about 9 specializing in scirndhc glass-ware. 

The term * factory " os generally undeTStcx>d may be misleading, 
for the majority of them arc imali workshops of the cottage-indurtry 
type, with a d^ly outturn of two to four tons of glass made up into 
the lowest-priced articles, of which bangles and lamp glasses fonn 
the great hulk. There arc^ of course, a few well-equipped works. 
Early in 194^, machinery for the production ofscienti&c glass-v^are 
had been imported from Europe and America, as welt aa automatic 
bottle^maldng machines for a factory in West Bengal and others for 
glass ampoules for a vrorks in Bombayi Nfachinery for the manu¬ 
facture of hollow ware of various kindf followed later. In i95^ 
three factories were making sheet gtara: at Sodqitir n^tr Calcutta, 
at Seraikcla in Bihar, and at Babjoi in U ttar Pradesh; their coni' 
bined total capacity was then 15 million square feet annum- 
The first attempt to manufacture glass botdes in India was made in 
1892, when a factory was itarted at Jhidum by the Murrec Brewery 
Co», but the experiment was not a success. Bottles are made today 
at Sodepnr, Banaras, Gbaziabad (near Dellu), Himapiagar (m Idar) 
and Baroda. Sevr^ works, particularly in West Bcng^ and 
Uttar Pradesh, make labmmtory ware, beakers, flasks and the like, 
from heat-resisttE^ m well as clectrie light bulbs, glass tubing, 
^™po^cs and s^Tinges. Others turn out pressed tumblers, plates 
and tiltt, while experimen tal quantities of optical glasses have been 
successfully manu^ctured. Dccnraiive glasses are a speciality of 
the centunes-old centre of Firozabad. h'loulds for mouth-blown 
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aiticks 3Jtcl semi-automatic blowing machmea art now made in tbe 
country. During the last w-ar the industry wai able to meet all 
the rcquircmencs of the Medical Services. 

Glass sands must be free from impurities and should also be of 
proper grain sire to facilitate: ehemicat reaction during fuwem* 
The famous Fontainebleau sand contaim 99-7 per cent of sibca, 
0M9 ofalumina, q of iron oxide and 0^14 per cent of lime, 
while 85 percent of it consists of particles between 0-^5 and 0^5 mm. 
in diameter. Many of the better-known European and Ardcrlcan 
class sands eputaiu over 99^5 per cent of silica and arc used for the 
hnest wares. Sand for plate gla^ should contain at least 99“ 5 per 
c«it siiica^ but for commoner gntdes, such as cheaper window 
glasses and for botdeSp such a high silica percentage is not essential. 
Sands coatainmg up to o^oa per cent of iron oxide (FcjOj) give 
colourless glasses^ from 0*02 to 0*05 an almost colourless glass. 
Very pale green tints appear when the iron oxide content reaches 
0■ 05 to o* lO, but it can be neutralized at some little cost in bright¬ 
ness and transparency by suitable correctives such as manganese 
dioxidef Decolorizing is not successful when the iron oxide 
content exceeds O-f per cent; from O'l to 0-3 P™" imparts 
pale green tints; 0-3 to 1 per cent gives green shades, and 
when the iron oxide content b over i per cent, dark green 
glass results. 

The regular grading of the sand Is also important and the 
general average of the grams should be fine* At least 70 per cent 
of the sand should consist of grains between 0*25 and 0-5 mm. in 
diameter, or, in other words^ all the sand should pass a ^o~mesh 
sieve^ 95 per cent pass a go-niesh sieve and remain on a i20-meah 
sieve; sand passiup a 120-iiieah sieve should be rejected.^ A go-mesh 
sieve is one contatniog 30 holes per linear inch and with the inters 
vening wire the same size as the mesh* Although alumina may be 
usefiil for spccml purposes^ for ordinary us^^ glass sand should not 
contain more than 0- 5 per cent- Magnesia, like alumina, increase 
the viscosity of the melt and so rctjulres higher fusion temperatures. 
Green bottle glass can of course be made from inferior sands rather 
high in iron oxide* 

Many varietis of sands, crushed sandstonES;, quartz and 
quartzites have been tised in Indian glass works and many more 
have been suggQted; from them only a selection can be attempted 
here. The crushed friabk quartzites of Panijia and Souii^ in 
Mayurbhanj, Orissa, supply sand for several glass works near 
Calcutta; similar quartzites occurring near Taldanga, in the 
Burdwan district of West Bengal, furnish further supplies. The 
white, Gondwana sandstones of Patharghatta HiU, close to the 
Ganga In the Bhagalpur district of Bihar, yield a ^pod glas sand 
pnactically free from iron compounds but rather hi^ In alumina. 
One of the more important actual and potential sources of supply 
lies in the Dhandraui Quartzite, which forms the topmost horizon 
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of die Kahnuf Sedes of the VmdhvM Sptem in the Son vdley. 
It is worked in the Chakia area of Banaras, faeti^Tcn Mumri and 
BalabeHat, in the Jhansi district, and especially in the ncighbour- 
hocxls of Shankargarh, Lohgarh and Bargarh^ popularly known 
as the Naini area, in the Banda and Allahabad districts of Uttar 
Pradesh. It also occurs in Rewa, further to the west and south¬ 
west. Many of the glass factories, and^ incidentaJIyi the manu¬ 
facturers of sodium silicate, in Dorthem India and some of those in 
Bengal use its sand. In a detailed study of the occurrences of the 
N'aini area^ published in 1951, D. R. S+ Mehta has shown how the 
quamite luider its thin covering of soil has become friable to a 
considerable depth through the agency of percoUting rain-vi'nicTt 
leaching out most of the iron content and loosening the silica 
cement binding the quartz grains together. During the hot ses^a 
the iron-bearing solutions rise 10 the sur^e by capillary actioUj 
there to be deposited as a hard, thin, ferruginous * pan beneath 
the surface soil. The friable quartzite b obtained by hammer-and- 
chisel methods from small surCuce workings, handpicked, crushed 
by wooden beaters and sieved. Between Manikpur and Bar^rh 
there are at least 14 important areas where good-quality sand is 
obtainable* and the gross reserves of the Rewa-Banda region alooc 
are tcntativdy placed at 110 million tons, aboui one third of 
quantity being in Banda and the rest in Rewa, The examination 
of 45. samples collected by Mehta shows that the bulk of the sand 
is not coarser than 30 or finer than 100 mesh* * The ferric oxide 
content ** he writes, ^ in every caae is above o* i per cent* wBch is 
rather too high for optica) and the best crystal glass* It if well 
M^thin the permissible limit of o ■ 2 per cent for plate glass in the 
majority of samples* while almost ^1 arc suitable for the manu¬ 
facture of window glass* white bottles, etc.* There are still wide 
regions m which this same Dhandraul Quartzite is known to occur* 
but which still await detailed mvestigation. They indude the 
Robertsganj plateau* m the Mirzapur district of Uttar P^dcsb, 
extending westwards into Rewa, through Govind^rh and Satna* 
into the Damoh district of Mai^ya Pradesh* as w'dJ as through 
Panna and Bijawar into Jhansi. 

D* R. Sh Mehta has also examined the glass sands ofBarodhia, 
in the Bund! district of Rajasthan, and found them to be derived 
from a zone of soil grit occurring amongst the sandstones and 
quartzites tn the Lower Bhacder Stage of the Vindbyan System^ 
ITie zone has been traced for 1400 feet* and varies in width from 
50 to 300 feet; it has been work^ ^ in the emd^ way unaginahle ^ 
by burrows descending to 25 feet* and can reasonably be assumed 
to extend to a d^ith of at least 50 feet. TTie available reserves 
total about 1*162*000 tons. Some of the samples from this deposit 
are low enough in iron content to be regarded as suitable for 
optical and crystal glass manufacture; most are suitable for ordinary 
types of gUsa^ware* and others can be greatly impFoved by washing 
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out ihc finer porLiom. The Jaipur glass ^verks obtain supplies 
from their ovm quarries near Sawai Madhupur and Jatwara. 

Soft Cretaceous saiidstoncs of local occurrence are used by the 
works at HJmatrtagar, Idar, Bombay^ and similar rocks at Sankheda 
and FedhamaJj^ in Baroda^ furnMi material for the glass works 
there* The wcU-fcnown Songir Sandstone of Baroda contains 
ever 99 per cent of silica and about 0*04 per cent of ferric oxide. 
The sandstones of Dhrangadra, in Saurashtra^ arc of lower grade 
than those just described but have been utiUzed for the manufacture 
of bottles* Certain recr^istallized sandstopes of the Kaladgi 
Series found near Shindikurbrtj in Belgaum districtj Bombay^ arc 
said to be suitable for bangle-making. 

Good-quality s^d has been found between Bonnerupalem and 
Pandillapadlc, near GhiraJa, Guntur district^ Andhra, and in Shcrtal* 
lay, Travancore, while material from an old sea beach at Ennore, 
in the Gbinglcput district of Madras, also has its advocates# Friable 
quartzites, popularly termed ‘ silver sand *, occur in parts of the 
Chiknayakanhalli Schist Belt of Mysore and serve a bcal glass 
industr^v but for the glass w'orks of Bangalore vein quartz is quarried 
and crushed at Sonnehaili, near Kengeri, In Bangalore district. 
The glass works of Hyderabad, Deccan, also make use of locail 
quartz veins, the mineral from which is stated to average about 
^ per cent silica and O' ^0 per cent ferric oxide^ 

Veins of transparent quartz of high purity are of frequent 
occurrence in the Stnghbhum granite and there are many others 
in the Ranchi, Manbhum, Hazaribagh, Santal Parganas and 
Monghyr distriets of Bihar, Patna, Samb^pur and Sonepur regions 
in Orissa, in the Visakhapatnam district of Andhra and m numerous 
other pLa^. Quartzite boulders from the Upper StwaJlk conglo¬ 
merates of the Himalayan foot-hilLs are collected about Hoshiarpnr 
to be crushed and sent to the glass works of the East Punjab. 
Enormous quantltfei of bouldcus of white quartz lie in the be^ of 
the Tawi river, near Jammu, Kashmir. The mfra^Trias Ume^ 
stones near Garhi Habibulla and MuzaiTarabad, in Kashmir, arc 
sllicifrcd and said to be capable of yielding lar^ mawi^t sofi^ 
granular^ aln^ powdery silica. G, N, Dutt states that friable 
white quartzite of glassN^sand quality occurs at Bjmlmatta, in the 
Dai Lekh district of western Nepal. To conclude this incomplete 
list as far as Indian Union is canccmcd, good sands are obtain¬ 
able from friable sandstones at Madh, in Bikaner^ Rajasthan; 
local supplies are used in gloss works at Jabalpur, Madhya Pradesh; 
and the ^tory at Borong, near Cuttack, Orirao, employs Gondwona 
sandstones freW Naraj and Talgar* on the hlahom^. 

Certain selected layers of sandstones both of basal Eocene and 
Middle Jurassic ages, in the Surghar Hills of the Mianwall districi. 
West Pakistan, arc suitable for betti^Hiuality glass manufacture 
after treatment. Useful sand Is obtainable from certain iron-free 
layers, ao or 30 feet thicks in the vorif^ted Jurassic sandstones. 
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and ^ these csttmd. for 15 or no miles there is no possibility of 
exhAiistiort. According to M, I- Ahmedp there are 
reserves of glass near Paniala, in the Dcra Ismail Khan 

dberict of the North-West Frontier Province. Crushed sandstonja 
from Jiingihahij Tatta district, Sindt have been used ^ ghiss works 
in Karachi and Hyderabad (Sind). Supcrrior-quality sands are 
found In the same district, south of the Meting-Jhernick road» in the 
Sonahrl Beds which lie imconfonnably below the Mjcttng Lime¬ 
stone and above ihe Upper Ranikot. They have been the subjects 
of rocenc reports by A, H. and A- M, Khan and W. Ahmed of the 
Geological Survey of Pakistan. 

AVERAGE ANNUAL VALUES OF INDIANS GLASS IMPORTS, 1896-^949 
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The figures given in the table above demonstrate that in ^c 
15 years ending 193S the annual value of Indians imports of foreign 
glass fell by over 46 per cent from Ra 056 to Rs 137 lakhs. _ The 
period of the second world war witnessed a further diminution to 
l«s than half this amount^ but, unfortunately^ the value of the 
imports for 1947-9 are back to those of the pre-war period once 
more. 

An analysis of the detailed returns up to the outbreak of 
in 1939 ^ow3 that bangles^ beads and folre pearls^ those arUcld 
of feminine adommeat which in the years t9a4'-B accounted for 
ne^Iy half (48^4 per cent), had by 1934-8 ^Len to less than one 
third (31-3 per cent) of the total imports of foreign glass products- 
Udllty goods* over the same period* had increara—bottles from 
about 14 to 19^6 per cent, sheet and plate glass from 12 to i? 
cent, wares of unspecified descriptiom from t2*a to 21^6 p®" 

Glass globes, lamp glasses and funnels, on the other hand* foil 
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from 7* I to 4*4 per cent of the total importt; tab^waw maintai^ 
ihe iLne propw^ of 3*9 pei cent; scientific glass-waw and 
GovOTmcnt imports showed little cha^, Ac pmmtagts btmg 
0*8 to O' o and 1 • 7 to i • 2 per cent, napectively, fiom the 
to the end of the decade. During the yeaw all clasM ^ 
imports suffered severely, and by 1943 the forei^ trade m 
ankles such as bailies and l^ds had practicaUy ceased, only 10 

exhibit marked revival again in t^S* .* k„v 

DuriitK the periods 1936*6 and 1934-® India contmni^ to buy 
mmt of h^ foreign glass suppUes from Japan and the ^ Europe^ 
countries named below. Japan's share in dus trade 
from a6*5 to 47* 7 per cent of the total over the years m question, 
at the espense of the others copcemed. Their imporu decreased 
from to to S' 4 per cent for the United Kingdom; from 17 to ta ■ 4 
per cent for Gcnnany; from 27-5 to 16*5 gerctmt for Austria 
Czechoslovakia; from 3 to a-1 for Italy; 6mm 6 to 3-6 for otto 
unnamed countries; while Belgium more or 1 ^ mamtamed to 
portion with 9'3 compared with 10 per cent- Over the 
importi from all enemy and oveitim coirntri'CS ceased, a™ _ 9^ 

the United Kingdom and ' Other Countries ’ thff import 

trade ofRs log'S l^l^hs in the pFoportions of 6B-3 and 31^7 

**^In the foUowiog table the average annual i^uc of the glass 
imports (Rs 1,46*45,994) “ver the fiscal years 1946-7 to 1948-9^ 
analysed into their separate components, the figures being taken 
from the Report of the Tariff Board on the Glass Industries, 
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The TarifT Board estimated the productive capacity of the 
industry in 1950 as follows: bottles and phials ta5,o<^ tons, lamp- 
ware 10,000 tOM^ table-ware (including tumhl^J 9>ooo 
pressed ware 4,000 tons, glass shells lO million pieces^ sheet glass 
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15 million squan: feet^ and bangles 55,000 tons. A recent oSiclal 
estimate regards the mstailcd capacity m about 150,000 tons per 
annum for glass and gLasa-warc, and 14,400 tom per anuum for 
sheet glass, equivalent to ^^3-4 million square feet. The Target 
Committee Itxed the tai^et for [950-1 for glass and glass:-ware at 
110,000 tons, though this was revised later to 96^000 tons. The 
Planning Cornmission’s estimates For 1950-1 envisaged a prodtiction 
of 107,000 tom, to indude 86,000 lotta of hollow vym*e, 5,000 tom 
of sheet glass and i6,00a tons oFbanglca, By the end of the five-year 
pmod in 1955-6, the Commission antidpated that the mitallcd 
manufacturing capacity for hollow ware would have grown 10 
^3^,000 tom, with a production of 174,000 temj, the corresponding 
figures for sheet glass being 36,000 torn capacity and 27,000 tons 
production, and those for bangles bemg 35,000 tons and J7|000 
tonst respectively. 

The actual output In the last three years is given in the follow'ing 
tabic. 


moBvunoN of glass , 


Yejji 


1948 

1&49 


Gljus aki> Sheet 

Gcaj 9 s-wa^ Glas 


(biif) 



37,000 


6,355,151 

^,^8,000 


The time that India is likely to take to free herself fh^in the 
necessity of the condnued importation of enormous quandtics of 
glass tod glass products docs not depend on her supplies of raw 
matmab, thou^ mueh sdll remains to be done in improving the 
grading and processing of suitable sands. It will be shortened by 
the mcchaniKation of the larger Ihctorio^ by the standardisation 
of the various products^ by ccHOperation within the industry ItsdC 
by the advanced training of operatives and by the spread of a sound 
knowledge of the scienUftc principle of modern glass tjcciinolog>^, 
in which the Central Gins and Ceramic Research Imiltutc b 
destined to play a leading partp 
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moulding sands 

moulding sands 

Sands which are utilized in foundries to tnakc the mmilds in 
which molten metals are cast should possess a number of sp«=i“ 
quaUtics. They must be refractory enough to withstand the 
temperature of the molten metal without fusing or bu^g on 
BO the casting itself. This is of special importance in the case ol 
iron and stee^ which are cast at higher temperatures than the non- 
ferrous metals and their alloys. Mouldif^ ^ds should not 
eontain more than fractional percentages of alkalis imd as little 
Hit»^ and magnesia as possible, as they are dcletenoua 
aTOnts. They must have sufficient plasticLiyj sometimes rtimea 
to os ' strength * or ‘ cohesiveness \ to taltc and retain the shape 
of the mould. Plasticity depends largely on the amouni of clay 
in the sand and on ibc presence of the correct ^ount of water. 
As large volumes of gases are generated when the hot, molten 
comes into contact with the mouldi it must be permeable mou^ 
to permit of their escape. Such gases arise from ^eluded 
from any organic matter present^ from water in the b™dmg c y 
and from that added m the roiKing process* Natural [ ^ 

moulding sands may contain 5 or 6 per cent of moistur^ ari^ 

3 per cent of water may have been added to the so-called a>Ti tiietic 
sand mixtures to make them workable, and, as water expands to 
some 1,700 times its own volume of stcam^ the importance _ol 
penneabiUty is easily re^^lzcd. It is itsdf dependent on the 
and shape of the individual semd grains, on the amount oi eJay 
present and its distribution, as well as on die actual packing 
mould. The texture of the sand is of gr^t signiB^ce, for ^id^ 
influencing most of the other qualities it detenmnea the 
of the surface of the castings Coarser sands are less affec ted oy 
the action of heat thmi finer ones and naturally possess greater 
permeability^ 

Natural moulding sands, which may contiun 8 q to go per cent 
of silica grains, with clay and some iron oxide, and little or no 
silt, possess sufficient binding material to enable their cmploymicnt 
with Utde preparation beyond milling. ^ Syndteuc sands are 
made by mixing pure, v^^ashed^ silica sands 01 suitable gram sizes 
W"ith a binding clay, and for this purpose the bentonites excels 
illitc-tfcaring clays give intermediate strength and those of the 
kaolLoiic group are the weakest. 

When hollow castings have to be made, these poruons 3 sc 
formed by separate cores which arc fitted into the moulds after the 
pattern has been remo^'cd- The cores arc prepared fft>ro Bne* 
grained silica sands held together by some organic binding ag^t, 
Such as linseed oil, dextrine^ pitch, plustip and so forth, and 
are usually baked in stoves to impart rigidity before use. By this 
tnjtans, during the easting opcraiJon, a thin skin of solid metal fonm 
around the core before its organic bond is destroyed, leaving a soft 
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collapisible pmsSj easily rcinovablt when the casting ia taken from 
the mould* 

Tlie durability of a moulding sand is a measure of the nmnber 
of times h can be used without losing its stretigth and pmneabiLity 
when again mixed with waler^ Deterioration taused by buming 
of the clay bond eymtuaJly causes tiie sand to b«oiTie * dead burnt ‘1 
and m this condition it can be no longer used, [n practice it is 
usual to mih a proportion of fresh virgin sand with that which has 
already been moulded. 

In gravity and pressure die-casting of the lowcr-rndting-point 
metals^ the moulds arc made of cast iron or steely whereas iri the 
new techojijiie of centrifugal pressure castings according to Sir 
Charles Goodet'e, the moulds arc made from sand or other highly 
refractory material. This allows centrifugal castings to be made of 
steel and other alloys with melting points too high for pressure 
dte^casting machines^ 

As ma^csium and its alloys when heated are extremely reactive 
tow^ds air and moisturcj precautions have to be taken when 
makj^ castings from them. This ts done by the introduction of 
mhihitorSj either mixed with the moulding sand or applied as 
wa^4^ to the mould surfaces. These surround the molten metal 
with inert and protective atmospheres and prevent reaction wih 
the ^ and moisture. Sulphur and boric acid are generally used 
for this pnrpc^* but the volatile double fluorides arc also employ'cd 
in some foundries. 

Mechanic^ and inineral analyses of moulding sands arc of 
greater vdue in assessing their properties than elaborate chcnucal 
ar^3rac3j for m most cases the chemical compjosition can be judged 
sj^ci^tiy well finm a knowledge of the minerals prsent. 
Cnemcai anal)^scs cannot predict phyrsical properties and the 
specifications drawn un by the Associadom concerned in Europe 

^ynenca are based mainly on physical standards, such as tests 
tor fintn.™^ clay content, moisture content, permeability.' and 
conmrcssion strength. 

Good natumi moulding sands are available from the Daniuda 
a^ies near RaniganJ and also from the Barakar area. They arc 
Mid to occur under the Older Alluvium near Ondal^ in the Buidw^an 
Bengal, and there are other deposiia near Kumar- 
dnubi,^ Ramkanah and elsewhere in Manbhum, Bihar« In many 
synthetic moulding sands arc made by mixing highly 
sil^oui nvor sands with suitable c\a.ys; the Indian Iron & Steel Co- 
^ j or mstanoCf utilises sand from the Damoclar and Barakar 
mm for purpose. Mogra sand from Bag fama tdan , near 
m the Hooghly district of West fengal, as wdl as matcrtal 
wm Damra and Komldlh, 4 mites south-east of AsansoI, and again 
Farasnath, m the Hazaribagh district of Bihar, are also iScd. 
rname quartzites near Jamshedpur are used by the Tata Iron & 
oteel u>. Ltd os foundry sands. Several of the foundrta in and 
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ait>und CaJcuitA mate use of a fine silica sand obtained as a by¬ 
product in kaolin prodvtciion at MangaHmt^ Pathargbatta and other 
bcalitica in the Rajmahal Hilli, In Madhya Pradesh, the Lameia 
Sands have been used from time to time. Other Wh-gradc sands 
are obtained from the Vindhyan Sandstones of Aliauna^ near 
Dabhauria, in Rewa and from Sawai Madhupi^, ui Jupur, 
Rajasthan. According to B. C. Roy, weathered Gaj ^dstonc 
occuiring from 3 to j feet below the of a stream at MaJanka, 
6 iml« from Bhavnagar in Sawvhtra, u worked down to a depth 
of 35 feet and afijer removal of thick paningi of grey cLay^ Ls shipped 
regularly to Bombay for use in the foundries there. It yields a fine 
yellow moulding sand which is claimed to be one of the beat of its 
kind in India. There are large reserves of thb material. 


GRAPHITE 

Graphite, plimibago or black leadj the soil modificatioii of 
the natural forms of carbon, has been mined in CcyloTij albeit m a 
primitive fashion, for at least jao yearsj with an^ annual output 
fluctuating between a few scores of tons to a maximum of 34,oot 
tons per aontim. For majiy decades Ceylon has been the world s 
principal source of the superior grades of the mineral^ the plumbago 
of commerce^ The Archaean rocks of the island are southward 
extensions of the strata which underlie much of the cxirpne southern 
part of India, and graphite occurs in many places, as dissen^ations 
m gneisses and limestones i in seams which follow the foliation of 
such rocks and in true fissure veins which cut across their beddi^ 
planeSn Discovered in Travancore in iS4l>i the mineral was mmed 
there in the early years of the present century by the Morgan 
Crucible Co. Ltd, and between 1901, wbeu regular returns first 
became availabtei and 1911 when operations ceased, 35,0^ tow 
had been produced. Many tocaiitics are known and mclude 
Arumanalluri with a narrow, branching vein in decomposed 
pegmatite; Avanesswaranti with a vein in gametiferoiw gneiss, ^d 
KinpaililwrLum where the mineral is in a feldspKir vein trayepmg 
gamed ferous gneiss. Both in Travancore and in i^ adjotmng 
district of Tirunclveli (Tinnevelly), in Madras, graphite has been 
found in surface lateridc deposits formed from the crystaUme 
below. The most produedve mine in Travancore was at Vellanadi 
m the Nedumangad taJuk. The geological features of the Trav^- 
core occurrences are held by some authorides to prove that gmphite 
can sometimes originate under condidons which preclude the 
suppf^ition of its organic origin. - ~ ^ r 

Small parcels of gmphitc came from the Gtxiavan i&tnct of 
Andhra iq the years 1904, *9^5 190®! from the Visakha- 

patnam district of Andhra in 1906, 19^® the total 

quantity from both was but 45^2 tons, and by 1912 graphite mming 
in India was extinct. The first world war (1914-18) stopped the 
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import tr^c and led to the opening np of depodu in the 
Kalahandi district of Orissa^ tvhich yielded 51 q tons bettveen 
igi5 and 1919, and in Ajmer-Mmvara, whence 1*169 were 
obtained. Another series of sporadic outputs rotlowed beti^'een 

1919 and I 9 S 4 j with a further 56 tons from Ajmer-Merwara, In 

1920 1929^ tons from Patna in the Eastern States Agency 

r ^ ^ 1920; 47 tons from the Betul district 

of Madh)'a Pradesh, in 1920 and igstj 20 Eons from Mysore^ in 
1932^ 1 ton from the Bhng^alpur disiric t of Bihnrp in 1921 ^ and 11A 
tons fiora the Krblina district of Andhra, in 1931 and [93a . From 
1934 onwirds production, thoi^h still on a small scale/was more 
regular, increasing from an annual avemge of 459 ions in 1934—S 
to one of 856 tons in I93th43- For the five yean ending 10.18 the 
average w'aa ii 33 ® ions per annum. Of the 6,578 tons raised in 
■ <934-431 appraminatcly 50 per cent came from Patna, 

^ Mysore; 15 per cent from Madhya 

^adesh; 3 per cent from other parts of Orissa, and the rest 
from Hyderabad and Rajasthan, llic total output for the years 
1949 and 1950 si’as 3,681 tons, valued at Rs 1,84,540, and of thi« 
amount approximately 53 per cent came from Orissa, 33 per cent 
from the Kolar and Hassan districts of Mysore, and 22 per cent 
from the Bctul discric I of Madhya Pradesh. The produemg regions 
of Orissa t^cte Sambalpur, Patna, Koraput and Athmalik in the 
order named. 


The graphite deposits of these parts of Orissa, some of which 
have iMcn known for over 80 >icara, as well as those of the Godavam 
and of the Visakhapatnain and Krishna districts of Andhra arc 
abated with rocks of the Khondalite Scries and sometimes with 
the c^moclotes and granitoid gneisses intrusive into them The 
khondaliies are paraschists and include garnetiferous quarta-silli- 
rMks, gametiferous quamites, caldphyres an3 graphiac 
scl^t^ Thc>^ pe typically developed in the Eastern Ghafi i^on 
Md^ten contain local concentrations of graphite in veins Qfva^ng 
^cimeB and extent, irregular lenses and distorted pockets, fJ 
of wfech, however, are of economic consequence. Only a 
of the more important ones can be mentioned herebut before 
d^ribing them we would recall Dr D, N. Wadia's work in CctIo? 
which piw^that the more important deposits of graphite 

ahn«t pure 

graphiit^cur m elongated belts travereing the granuUtic iScks 
of a K^ndalite m a noreh-north-weat to south-sou th- 


pphi.c,/„d i” 

long, thickening m strike from 2 to la feet ha< iwu fj 
depth ofgo feet in streaky 
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bem for about lOo fccti and at 40 feet below tbc surface 

shmved no signs of dwindling^ iLs enide material averaged 55 tq 
60 per cent of fixed carbon* In the same Patna district there 
are numerous surface workings in the vicinities of Budcljaria^ Garva-^ 
rasa^ Dbautakhaman and MatupaU^ ftom which crude material 
containing from 40 to 55 per cent of fixed carbon is cleaned and 
washed in Tidlagarh^ raising its content to 60 or 70 per cent carbon 
before disposal. 

The grapliite pits of the I'iawapara subdivision of Sambalpur 
are located^ states B- C- RjoVp on bands^ veins and pcckets of the 
minerai in a gametiferous, gneissose schist* Another deposit has 
been quarried at Sargipalip near Padampur^ since 1944. 

Both flaky' and amorphous graphite have been regularly mined 
at MajLkelam, 2^ miles from Bissam^^Cuttack, in Koraput* since 
1944, The area is densely forested and the lessee writes: 'Mining 13 
frequently interrupted by the scare of wild animals and high 
incidence of malarial fc^'ers. Labour is difEeuit to secure and also 
incflicicnt, * There are other deposiis at Arugali^ Karriguda^ etc,* 
in Koraput* 

In the Athmalik Bubdivision of Dhenkanal there arc quairiu at 
Barnur^ from which crude graphite containing 70 to 0 o per cent 
fixed carbon is obtained, and others at Dhandatopar the nearest 
railway station 10 which is Meramundali on the Eastern Railway. 

The Vi'cll-knowTi occurrence of Feddakonda in the Bhadrachalaoi 
taluk of the East Gotlnvari district, Andhra, is almost worked out^ 
but S. Krishnaswamy reports further veins, G to T2 inches in width, 
in khondalites and felds^ihic gneisses, near Kaltanum and Chok^ 
kanapaile in the same i^uk. The quarry of the Indiaii Plnnibagp 
Go, at Nagavaram Mntha, near EJLorc, in the West Godavari 
district, has t>ecn producing since 1929, As raised* the crude 
mineral contains flom 40 to 65 per cent carbon which is processed 
to yield flake graphite of 92 to 93 per cent carbon for lubrication 
purposes j crucible lump with fio to B5 per cent carbon, sold to 
crucible makers in Rajahmundry and Bombay ; foiindry lacings 
with 30 to 60 per cent carbon* and high-percentage powders for 
battery manulactnrcrs. In the Visakhapatnam district graphite 
has been mined at Lcnkalapaiem* near Tardip since 15^, and 
obtained from surface worl^gs in the Golugonda taluk since 
1942, 

The Mysone mineral, which is fine-grained and ‘ amorphous 
comes mainly &om low-grade carbonaceous clay schists intercalated 
with qiiartzilcs in the Kolar schist belt, near Canacharpura* in the 
Bangarapet taluk, or from well-defined veins in immediate contact 
with igneous rocks such as diabase and granite* flaky graphite 
occurs in tJudk lenses in crystajlmc schists near Mavinl^] and 
Torvalli, in Mysore district. Very Large tonnages of low-grade 
graphitic schists also exist at Torvallip which is near Saigur, in the 
Heggaddevan taluk. 
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The graphite of Madhya Pradursh come? from a band of graphitic 
pbyiliics^ found in a aone up to lo f«t widCs some ihrrc miks north 
of BctuJ. They have a carbon content varj^ing between iB and 
30 per cent 

Several occurrences arc known in Rajasthan, as, for instance, 
at LfOtiajzia^ in Jaipur, where a band of graphitic schists was at one 
time pitted extensiv^y^ Similar whists occur near Buchara^ in 
Jaipur, and others have been worked in fCIihcngarh as a 
source of black pigmenL Ajmer-Mcrwara has mines at Gudha^ 
Haiundi and other pLac» in Ajmer Idhsil^ and at Kesarpura, Kalat 
Khera and other locahties In the Beawar tahnl^. In Rajasthan, 
graphite is usually found b schists and Irniestoncs near the base of 
the I>elhi System, and it is generaOy of low grade* 

The mineral has abo been reported from Paloncha in Warangal 
d-istrict of Hyderabad, from schists near Almora in KLumaun, in 
veins fetWEcn Tsungtang and Lachen in Sikkim^ in the slaty 
formations of Chota Ka^inag^ and m phyllite and slates south'-cast 
of Relhian in the Uri tuhni of Kashmir. 

Acco^ng to S. Tayyab All, there is a rich vein of gtaphiie, 
150 feet in length and 8 to iB Incbes thirkj about one mile north- 
^3^t of Shah Saliuij in Ohitral, Paktstan- Thumcr veins occijr near 
Monn, close to the contact of mirusivc granite with shales and 
phyllitcs. In tSS^j Griesbacb noted numerous lay-ers of graphite 
m shales north of the Tor Sapper in the Khybcr Agency* bm A, L. 
Couboa^ after inspecting those near Sh^dunena and cast of 
Lowaramep, in the Mullagori counUy^ b 193b* found they had 
no economic value. 


Graphite is often fredy distributed through certain bands of the 
crystalline limestones of the Mogok Stone Tract, Burma; unsuccess¬ 
ful attempts have been made from time to to richer 
Irotida near Wahudaimg, Kyaukkyi, Onzon and elsewhere, in the 
rhabeitkyb subdlvislou of the Katha districCp 

Graphite is a good conductor of heat and electricity and like 
other fonns of carbon is practically infusible, undergoing no change 
in the absence of oxygen, up to temperatures of about 
3600 a* when it is volatilized. Ac one time roost of the world's 
output of graphite was consumed b the manufacture of crucibles 
for crudble steel' making, a process now largely replaced by 
acetne fu^acc methods. Graphite crucibles are still employed, 
however^ for some special steeb and for the meldng and refining 
of maay noa-fcrroijj metab and their allqys, for they are very 
possess high heat conductivity and resistance to 
sudt^ changes of tmnperature. In thdr manuJkcture the irraplilte 
19 mu^ wnh plasdc hnclay and sand; moulding is done by Rand 
or hiy machine, and, alter drying, the firing is done in a reduciiig 
aonosphere. The graphite content is usually about 50 per cent 

35 and 75 per cent. Graphite crucibles 
are made by the Indian Crucible Go., at MaJad, in Bombay, from 
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the mineral mined in the West Gociavaxi district of Andhra, and 
they are nsed in the factories of Ahmedabad^ Baroda^ Suratt 
Bombay, Foona^. NasLk, Belgaum, Madras^ Bang^ore and cLse^ 
where, for a variety of mel^lnrgical and tempering operadona. 
Grades of the mineral suitable for crucibles art also usot in the 
manufacture of retorts for the recovery of secondary zinc and for 
graphite noEzlea and stoppers. The lo-callcd amorphous graphite 
actually possesses a \'ery scaly structure, though its appearance 
may resemble that of a dull grey flour. In many of its applieadons 
natural graphite has to face the competition both of * retort 
graphite \ a product of gas retorts, and of a product made by 
roasting mbttnrns of anthracite or coke with smaller quantities of 
sawdust and quartz in special dec trie furnaces as at the Niagara 
Falls. GraphitCj cither alone or mixed with carborundumj is an 
important material in the oomtruedon of some types of dcctrical 
fiimaccs^ w^hilc electrodes made from it are in common use in the 
dectric smelting of many metalsi in their rcmclting and refining, 
as well as in various dectro-chemica] industries, such as the pro¬ 
duction of chlorine by the electrolysis of sodium chloride* Its 
high electrical conductivity ia also responsible for iis appearance 
In dynamo and motor brushes as wdl as in dry battcriesHi The 
lower grades find their main outlets as facings for foundry moulds^ 
to prevent the adherence of castings; as lubricants, either alone or 
water, greases and oils, aomciitnes in a colloidal form; in 
paints for the protection of metaUie surEaces from rust and other 
corrosive agencies; as stove and other polishes and as " lead ^ 
pencils. Pure graphite has found a new use in the construction of 
slow neutron reictors, in which several hundred tons of it may be 
required as well as tens of tons of uranium metal, for a single 
installation* The first nudear reactor built in Great Britain at the 
Harwell Atomic Research Station gained its name of ‘ deep * 
as a contraction of Graphite Low Energy Experimental Pile, The 
graphite acts as a *' slow^-dowTi * or moderator of the action of 
neutrons, and tn so doing increasca the probability of their pro* 
dudng the desired fissions in uranium 2235, 

Ouicr examples of the uses of carbon as a refractory material^ 
though not concerned with natural graphite, may be mentioned 
here, for the carbon hearths of blast furnaces operating on acid 
slags to produce pig iron recall in some respects the graphite cruci-' 
bles of the steelmaker* Carbon bricks, blocks and shapes for 
$uch purposes are made from pastes of powdered, driedp hard coke 
of low ash content, and moisture-free coke oven tar. Sometimes 
these linings are of a monolithic character constructed by ramming 
coke-tar mixiiir« in situ, A striking feature of German practice 
with carbon block hearths is their extremely long lives* Again, 
in the direct electro-thermal reduction of kaolin and alumina to 
form aJuminimn-sUicon alloys, the furnace bottoms are made of 
cat bon blocks. 
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In the Indian Customs Returns graphite appears nridcr the 
heading * Painrs and Colours' and again separately as ‘ Graphite 
Crucibles though it doubtless enteis mto the constitudem of many 
other imported goods. These reiums ihow that though the average 
annual tonnage of imported graphite fell from 621 tons in the 
period^ 1929-33 IQ 365 toils for the three yean ending 1946, the 
value having incre^ied in the mean time from Rs 24S to Rs 573 per 
ton, by 195® impor^ had ruen again to 667 tons. The impor- 
lation of graphiie e^cibles is also increasing, and in 1950 totalled 
214 tons, which, with the 667 tons of graphite itself, had a total 
vaiuc ot Ks 9,00^000. India's requirements of graphite today 
arc of the ordf^ of 2,000 tons per annum and are likely to grmv. 

It may well be asked why India should spend Jarge sums every 
year on impon^ graphite and finished graphite products, when 
Crom her own abundant resouixes she might satisfy her own needs 
an ^ ^rnaps compete In the raw graphite markets of the world 
w ch at preset demand about 250^000 tons of the natural mlne^ 
aMually. The answer may be given in the words of B. G* Gupta, 

^ * 949 * ‘ Graphite mining in India stands in need 

01 radical improvement m most of its operational details/ At 
present most of these are primitive in the csttcnie, while ore- 

to clean, grade, and concentrate 
their products the nwitp we little better. Thm there is much 
was e, an while the discrinunaling buyer cannot rely on regular 
st^dardized g^cs. the exploitation of the I^er 

of tilt P^cl Rtport 

^ Refract^ra had good re^a to conclude that' more use could 
. £.? ti tan graphite if it could be obtained in a pure condi- 

an ft fln«r c received some consideration, 

™*tible for Indian conditions 
P I Jtnd published by N. G. Nandi, and, again, by 

J^-H.R^obottom.whileB.C.Roy has iuggffl- 
tteatmeiu plant, and the erection of a crucible 
“^1*® Sambalpur minerid at a locali ty <m the Raipur- 
th, ratify. Fmally, intensive prospecting is needed in 

Je extreme south where, as Dr D. N. Wad^hnf insisted, the 

workable graphite bodies at numeroia 
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MINERAL COLOURS AND ABRASIVES 
THE MINERAL COLOURS 

The mineral colours may be divided intotth™ groups as follourB: 
( i) natural mineral pigmciits^ (2) pigments made Irom ores or ore 
residuesj and (3) ehctnJcaUy manufactured morganic pigments. 
The first group includes the ochres^ oxides^ siennas^ umbers and 
ground slate nnd shale. In the second are the burnt siennas and 
umbers, zme oxide and the red oxides made from roasted pyrites. 
The last group includes a very large number of colours such as 
white Icadj titanium whitOj lithoponej chrome yellow^ ultramarine 
and the various shades of red oxides made from ferrous sulphate^ 
recovered from waste pickling liquors of the galvanizing process of 
iron. Many mineral substance arc consumed in the paint industry 
and among them may be mentioned barytes^ ashe^os^ graphite^ 
^^psum, magnesite^ mica, silica^ talc, kaolin and clays of vanous 
tindsj but here wc are concerned only with the membm of the first 
group of the classification. 

OCHRES AND OXIDES 

The yellow ochres all contain hydrated ferric oxides as their 
colouring principle, mixed with var^'ing quantities of impurities 
in the form of clay of fine sand. With decreasing iron content 
they grade into the aiennaSs which may also contain a litde manga'- 
nese; with increasing manganese content the ochres shade into the 
brown and dark brown umbersp The natural soft red earths^ both 
ochres and oxidt^, owe their value to the presmee of ferric oxide, 
and it is recalLed that the original * Indian Red ^ of commerce was 
a bright red oxide with a purplish tint which came from Ormuz 
Island in the Persian Gulf. 

The abundant occurrences of iron ores and lateritea in India 
lead to the presence of ochres and oxides in very numerous localities, 
and it would be impossihlc within reasonable limits even if full 
mfon^tion were available, to cmimeratc all the Localities where the 
inhabitants obtain these natural pigments, gencrically called 
which are used in the decoration of houses and temples and for 
many other purposes as well. For example^ in south India, pastes 
made of mixtures of finely ground red oxide of iron and tamarind 
seed powder (starch) are widely used as protective coatings of bras 
and copper utensils. 
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MINERAL GOLaURS AND AiBRAftlVEa 


The anjiu^ production of ochres and oxides in IndiE, so far 
as It appears in ofi^cial stadsdesp which relate to the large quandtica 
taken hrom Leased areas for industria] uses rather than the small 
collections from innumerable localities for domestic puipcracsp now 
averagm about to^^^oo tons per annuruK The total tonnage so 
recorded from to the end of 1^91 is approximately si^^pOOO 
Ums, and of t^s amount 47*5 cent has been supplied from 
deposits In Vindh^'a Pradesh and ^^ 7^7 cent from those of 
Madhya Pradesh: up to the early years of the 1930-40 decade, 
the former state of Gwalior^ in Madhya. Bharat, followed in. the 
^rd place with B or 9 per cent of the totals but of late years otitput 
from Andhra has become Increasingly important surpassing that 
of both Gwalior and Madhya Pradcah. The percentages of the 
of 53,167 tons for the quinquenruum ending 1948 were as 
follows:—Vindhya Pradesh 50*8, Madras (including Andhra) 28 g, 
M^ya Pi^esh 11-3, Rajasthan 6 4, Madhya Bharat 2-4, 
with msijg^ncant tonnages from the Eastern States Agency* 
Ori^a, Mysore and Kashmir, As regards Pakistan* a few 
hundred tons were forthcoming from Sind in the iq34‘-4^ decade. 
Burma does not appe^ in the returns after 1919* 

of ^*ndhya Pradesh come mainly from Fanna, 
^hawal^ Nagod* Kothi and other districts, where they often occur 
jn^ asscM^^ion with ferruginous latentcs. The well-known ochre 
miM of Gwalior m Bharai, are shu^tc6 at Behat. in the 

Gird district, while occellcDi yeUow and red ochra are aho worked 
near Samana; at Barouli near Amarpitr, ai well as on Naro Hill, 

f Rewa. Of many occurrences in Madhya 

Frad^, the soft rmcaccouj haematites of Jauli, in Jabalpur, won 

tetion m 1870. and sull meet the demands of local p^t works. 

“Ik the yellow ochres of 

^wai^ also m <hc Jaipur district, have been marketed since 

on the Narmada river, yieM red 
^ido. OtI«r pn^uemg districts include Chanda, Drag and 
Hmhanga^, High^e red ochre, containing 53 per cent 

"IP™ of the Peninsula, has 
deposits of ochreoiB earths in the Cuttack, Puri. 
Koraput districts, but with the^l^tioii 
K Sarayt, Mogitoda ^d Geraputtu, in Koraput^and 
^ibly othcre m Cuttack, their colour standard is too^mJor or 
““ e««it too lunitcd for profitable working. Wide areas, 
hmj^, aili await detailed geological examination and better 
d^tts mav yet be found. Tfe ochres scattered through what 
were^fonncrly the tern lories of the Eastern States Agenev are also 
for ^e mat part, of inferior grades, fit only for local^uscJ^n coloi^ 
washing houses and temples, or as temporary dyes for dotbes. 
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Accordiog to K, K, Dutta^ however, better-quality red ochre ii 
available m large qiiandtieSi at Kbara and Dongaria of Kawardha 
ia Madhya Pradeflb. 

In Bihar, on the whole, conditions are much the 
* Adniittedly/ wrote J, Diimi,' a large proportion of the deposits 
of ochre scattered thioughout the province are of poor quality, but 
it caxknot be taken lot granted that addiiional ones of suitable 
materia] will not be found/ Ochres &om extensive beds on the 
Kaimur plateau, at ^ladpa^ were at one time transported for sale 
to Patna and Banaras. A good purpLlsb clay is found at Kubasa 
and other places in the Ranchi district, along the edge of the Dalma 
lava flows, and extends eastwards into Manhhum^ where there are 
also ochre quarries at Barha Ghatarma, not far from Barabburn+ 
Deposits associated wth the lavas and tuft of the Iron Ore Series 
in south Singhbhmn, as well as the nucaceous haematiics of the 
Porhat, arc worthy of further investigatiort. It is abo possible that 
the deep black, soft and easily powdered, carbonaceous phyllitcs 
of south Ranchi and Singhbhum may be useful as black pigmcms. 
Yellow ochre is won on a small scale from surlace workings 
near Nalhati, in the Birbhum district of West Bengal, while 
both h and the red variety arc recorded from the Midnaporc 
district. 

There are many references in the literature to the ochres and 
oxides of Madi^ and Andhra which are known from the Guntur, 
East and West Godav'ari, Ktimool, Visakhapatnam, North Arcoq 
and TiruebirapalU (mduding Pudukkottai) flistdcts. From the 
quarries of Malkapuram, in the Dhone taluk of Kumool, red oxide 
with over 91 -5 per cent of ferric oxide is marketed in both the 
lump and powdered form. Similar oxide is also w'on from quarries 
and surlace workings at Dwarka Thinimala and Ktunmnariguddem 
Agraharam, in the Ellore taluk of West Godavari. F. Blanford 

drew attention to a bed of impure yellow ochre in the Cuddalore 
Sandsiones, at Trivandipuram, in Tiruchirapalli, which when 
ground and levigated yielded a very good pigment, while a clay at 
Terany, after similar treatment, ^vc a deep red product. Red 
ochre and oxides are abundant in Sandur laluki now a part of 
Mysore. * Along the western base of the Ramadmg section of the 
Sandur hiU group/ WTOte R. Bruce Foote, 'a vast quantity of 
intensely nrf, earthy haematite lies thickly scattered over the great 
talus. This also seems to be a very pure mineral and would yield a 
splendid pigment for the mere trouble of collecting and grinding it.* 
Semi-ochreous masse, from w^cathered schists and traps of 
Dharwar age in the same region, arc used to some extent as 
colour washes for house painting; the commoner colours being 
dull orange and drab, but purpli^-grey and Lilac are met with, as 
w^ell as red lints ranging Ctoiai pale pink to deep red« Red oxide 
with the unusually high fta^c oxide content of 99*8 per cent occurs 
near PapinyakanahalU, in Bellary. Ochm of many shades of 
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yellow, red and brown (some of which probably belong lo the 
umber group) occur with iron and manganese; ores and iimeston^ 
in the ChitaJdrug and Tumkur diatriets of Mysore, and find iheir 
vi^y into the lot:al paint works^ particularly for brown and choco¬ 
late pigments. A soft, graphitic rock is also utilised in the 
manufacture of grey paint. 

Ochres and boles [highly ferruginous varieties of lithomarge) 
of various shades suitable for pigments arc common In areas occu¬ 
pied by mxagnctfte-hacmatitc schists and laterzic in Hyderabad* 
and in the Kushtagi area of Raichur are used locally for reddish, 
chocolate, purple and yellow colour washes. Both red and yedow 
ochres are found about Pimmpalli, Yclchal, Timraareddlpalls and 
Ekmamldi, while ochreous simles underlie Deccan Trap in the 
western part of the Andola taluk. 

The red, ferruginous boles associated with the Deccan Trap 
in Bombay and Saurashtra have been successfully utilized in the 
m^ufacture of red paint. Very large quantities of red ochre 
exist in the Jurassic rocks near Kajpur, in Jhalaw^ad^ Saurashtra, 
according to C. Karunakaran, Yellow ochres are quarried at 
Ran and red varieties at Modpur, Matli and Pithasta, in Nawa- 
nagar^ The quarries of Aditanla, Bharwada and Bokharla, in 
the Porbandar district, where work was commenced about 193a* 
have produced red and ychow ochres and siennas since then* 
Dhraugadhra has its own deposits aear Baisahcbgarh and RavlivadanK 
In Kutch, mineral pigments are obtained fiom Crclaccoiis rocks 
at Lakhpat and Bhing, while the red and yellow ochres of 
Padvania, in Rajpipla^ Bombay, have been worked for many 
years. 

The deposits of red, yellow and purple oehres of Rajasthan tend 
10 be small and pockety and are exploited by open cuts or shallow 
pits. ^ They arc usually associated with iron ores and ferruginous 
breccias in the rocks of the Alwar Scries, or the Aravalli Limestones^ 
or, again, at the junction of the Jhiri Shales and Upper Rewa 
Sandstones, as in BundL They are in considerable local demand 
for decorating bouses and pottery and have been worked in Alwar, 
Jmpur, Karauli, Mewar and Jaisalmer, particularly at Nagar 
Kaniha and Devikoi in the Last-named district. 

As might be expected, north-western India and Western 
Pakisuin have but poor supplies^ though small deposits of both red 
and yellow ochres have broi reported from Chitral; from Mld<^ 
Jurassic rocks near Falkhel, in Mianw^ali, and in lar^ger quantities 
from Danksa in the Kangra valley. Dr H. Wadia mentions 
pockets of fine, yelloWj brown and umber earths in the SalknJa 
blaics, associated with the graphiic of Keshion, in the Uri tahsii 
of Kashmir. Further to the cast are the ochre beds described by 
U. S, Middlemiss, where upwards of aoOjOOo tons of good-quality 
material, ranging from pale yellow through Indian yellow and 
Venetian red to deep browiut, arc believed to be available. 
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Burma possascs a y^How ochrt deposit with a maxiiriuin thick¬ 
ness of 30 ftet at FanpCj m the Myin^yaji districCp and red ochres 
are occ^ionally associated with the bterites of Pegu, 

The first paint factory in India is said to have been established 
in Calcutta in 1902 and for many ycar^ the eKtraction and prepara¬ 
tion of the miner^d pigments^ which are regularly quoted in both 
lump and powdered form on the Calcutta and other markets^ has 
been carriw on- Before the last i^'ar la^rge quantiilcs of red ojudes 
of Persian origin, bright yellow ochres and burnt siennas and 
umbers, were brought into the country from abroad, though the 
curtailment of such impoifts over the years of hosdLitica gave great 
impetus to the home trade, and resuhed in the more extensive use 
of both red and ycUow ochres of Indian origin In the manufacture 
of paints of various kinds. In a very short time amah paint works 
were started all over the country, local war-dme demands were 
met and the surplus dispatched to China, Malaya^ Burma and 
Australia. In addition to such products as camoufiage and ammu¬ 
nition paints, special types of proteedve varnishes were developed^ 
and, as late as iq^o, ihc number of paint works still in existence 
was over 125. Tne market was then overstocked and die produc¬ 
tion in that year was only 28,000 tons against an installed capacity 
of 60,000 tons. 

It has been stated that while some Indian earth pigments are 
of very fine quality, witli strong, bright colours, the mmority of 
those marketed at the present time arc not suitable for nixt-claxs 
paints, owing to their weaker staining powers, and further, that the 
grades of the raw materials available leave much to be desired 
owing to lack of proper grinding equipmenL These arc defects 
which it is within the power of the pr^ucers to remedy, and which 
must be overcome if the home products are to compete successfully, 
not only with imported materials in normal times but also with 
Indian^made synthetic chemical pigments. 

There was a time when India supplied large amounts of 
excellmt yellow ochres to the paint trade in the United Kingdom, 
and amonpt the very many deposits now known it is not un- 
reasonable to expect other? of the same grade, and uniform enough 
to supply all her own needs. Prospcciors should bear in mind 
that strong staining powder, bri^tneas of tint, fineness of texture 
and freedom from grit are all metors which dcEcrmine price and 
that re finin g by elutrzation followed by drying will often improve 
both iron content and colour^ 

The better grades of the brown earths of the raw umber and 
sienna types are comparatively valuable products. Low-grade 
kinds are known to occur in the Madh>na Pradesh, Mysore, Bombay 
and elsewhere, but the Paint Federation of India has stated that 
* the mines have never been de^'cloped to ascertain whether suitable 
materiaU can be produced h More research is also needed on the 
green earths (Um wrftf or celadonite) often found in association with 
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the D«5ccan Traps, for although their tindng power is low, they are 
used in other Zands as bases in the prqjaraaon of lake pigments 
and more particularly for the chrome and zinc greeus. 

The imports of paint and paint materials Into India still cantmuc 
at far too high a rate considering her own great resources^ not only 
of the natui^ pigments but also of other mineral substances used 
by the paint-maker such as barytes, bauxite, gypsum, whiting, 
kaolin^ miea^ etc., resources, which ate vastly superior to these of 
■many countriea lironi which her imports are derived- Though it 
is outside the pro\"ince of the oconamlc geologist, the reader may 
ako be reminded of Indiana position as the worldk Largest producer 
of linseed oil and lac, which are also essential materials in the paint 
and varnish trades, so that, as far as basic raw materials go, the 
oountry is in a particularly advantageous pt^sidoiu For &e five 
years ending 1938, India imported an annual average of i6,4[0 
tons of paints and colours, v^ued at Rs 74,48,^94, but her total 
imports of paints and paininx' materials including paints and 
colours, turpentine^ varnish, etc., but excluding Linseed oU, reached 
an average annual value of 97 j 39 t 45 S- Imports naturally 
diminiahed during the war period, but by 1946 the correspondiug 
figures were 7*175 tons* Rs i,i3p!a,3o6 and Rs 1,35,48*390. 
Students of this subject agree that India should he an exporter of 
such products for s^e in the markets of the world rather than a 
buyer of them from other countries. 

BARYTES 

BaLTyteSj the sulphate of barium, BaSO*, with 65*7 per cent 
of barium oxide* is a heavy, while mineral and the most abundant 
of the natural compounds of barium, the only other of commercial 
importance being the carbonate, w'itherite, BaCO^ a comparatively 
rare mineral not yet recognized in India, Pakistan or Burma. The 
importance of barytes is apparent from the fact that the average 
annual world production for the period 1936-8 was approximately 
one million tom, of which Genmny produced 42 per cent, the 
United States of America 25 per cent, the So\dct Union perhaps 
12 per cent and the United Kingdom about 8 per cent. By 19441 
the annual output in the United States alone had mcrea^ to 
ov^er half a mi lUon tons. 

Fronn the commencement of mining operations in India in [918, 
until the end of 1949, 295,623 tom of barytes had been extmetei 
and almost 92 per cent of this came from Andhra, about 7 per 
Cent from Rajasthan, and smaller amounts from Ma^ya Ptudcsb, 
Kashmir, Vindhya Pradesh and Maobhum* in Bihar* In Andlirai 
barytes extraction started at Betamcherla, in the Kumool district* 
in 1918* and has continued unintcrrupteidly sinec that time* a total 
of 58^290 tons, valued at Rs 6,72,700, having been won up to the 
end of 1949* The minem] was produced in the Pulivendla taluk 
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□f Cuddapah in 19^1 and in Anantapur in the same year. Opera- 
tions commenced m the former in 193^ and have continued up 
to date, with the removal of 134,816 tons valued at Rs 15,84,3,00, 
up to the end of 1949^ Large-scale mining started in Anantapur 
in 1940, the district Having an output of 77,014 Iona, valued at 
& 7,38*500, up to the end of 1949. 

Systematic geological investigation by A. L. CouboHj in 193^1 
led to the discovery of 60 barytes localities, of which o^y 5 had 
been previously known; 13 of these wore in Cuddapah, 11 in 
Anantapur, and 36 in KumooL Later aceounta of them have 
been given by Dr M, S, Rrishnan, M. S* Venkatram and M- S. 
Balasundararm Most of the occarrenccs arc either in replacemcnL 
or fissure vems in the Vempallc {ValinpalliJ Limestondl, or in the 
intrusive dolerite and basalt sOkp often referred to as ‘ traps \ 
associated with them. The VempalJe Limestones and slates form 
the upper part of the Papaghru Series of the Cuddapah System, 
and in them are also found the chiTsotiJe asbestos deposits of 
Brahmanapalle. Very large quantities of barytes are believed 
to be available in a vein at Kottapallc, in the FuUvendla taluk of 
Cuddapah, and there are several others, mostly in trap but sometimes 
in limestone, near the same village. In the same taluk there are 
also quarries in operation at Gondipalle, Jppatla, Kondapuram 
{where there is a pulverizing plant), Nandipalle, TaUapalli, Velain- 
varipalii (where the working has reached a depth of 40 feet) and 
at Vemula and Its surroundingSp The Badvci taJuk of the same 
district has quames at Chennakesavapuram and MamiLLapalli; 
the Cuddapah taluk at Kothur^ ^3 miles from the headquarters 
of the district, and the Kamalapuram taluk at Kamalapuram, 
Nandimandalam, Rajupalcm and Thangedupalle. From most 
of these: workings the mineral is marketed in the crude, lump form ; 
at a few of them it is ground to powder and sold in three or four 
grades, including snow-white^ white (A it B) and off-colour. In 
the Ai^tapur district the leading loc^tics are near Nenjamipalle 
Mutssukota, in the Tadpatri taluk, where all the veins are in 
limestone. Most of the production of the district has come from 
the former neighbourhood, where one vein, of sevetai, is from 3 to 
[ E feel thick and has been traced for over half a mile. Quarries 
are also worked at Boppepalll and Madugupalli. The Kumool 
barytes comes from BalapaJapalk, near Betamcherla, Hussain- 
puram, Ramapuram, Yerragtintla and other places, all of which 
arc in the Dhone taluk. Another deposit has been found at 
Janapalachcruvu, in the Cumhum taluk. The mineral is abo 
known to occur near Naravada and other localiti^, in the Ncllore 
district of Andhra. The barium solutions arc believed to have 
been derived from the igneous magma responsible for the trap sills 
in the local Cuddapah rocks, the barytes itself having been prcci- 
^tated from them by other solutions containing sulphuric acidp 
The latter were either another derivative of the same inagtiia, or, 
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as seems more lilcely in the majority of coses, were themselves pro¬ 
duced by the leaching of suJphur-bcaring mincrais originaUy 
present in the Vcmpailc LiniEatonc. 

Barytes has been won in AIwbt^ Rnja^lhan, since 19(2 J ^ the total 
output to the end of 1^49 being $i,Gi t tonsj uich a majumum of 
2^94^ tons in 1919^ Jaipur yidded a further aoo tons bcfweoi 
1936 and i945» and Bharatpur zSG tons bctwwi 1949 and ^945. 
Tne chief deposits are at Sampuri^ Bhagat Ka Bas, Bhakera and 
Rampurt in Alwar, and they take the form of Assure veins in the 
less compacted members of the Alwar Quartzitesj theimelves a 
part of the Delhi Syatem. 

Many other occinreiiccs have been described, and* with one 
cx^pilon^ they all indicate that barytes ia a mineral of aqueous 
origin. It is found as concretiona in the Belenmite Shales of KaJat 
and Las Belnp and on the tower scarps of the Pab Range,, near Pabni 
Chauki, two days^ journey from Karachi; as Icnticlcs up to 7 
Or even tO feet in width, in an acid dyke cutting through volcanic 
rocks, 5 niiles from the Lower Miri camp^ Koh-i-Sultan, in the 
Chagai district of Pakistan* It is frequently fomted by the replace¬ 
ment of other rocks, as at Kolpotka, in Smglibhum, Bihar; accom¬ 
panying the ores of copper as a vein frUing, as at Sleemanahad, 
Madhya Pradesh, or the ores of lead, as at Silwai and Bogabem, 
in the Ranchi district, or at Malthoh hi Manbhumj Bihar, or, 
again, in tl« Mawson State of the Southern Shan States, Burma. 
At the Bawdwin Mines, in the Northern Shan States, it ocons in 
latc-formcd veins alone with no other metallic mineraJs* Near 
Surajpur and Bherano^ in the Tikamgarh district of Vindhya 
Pradi^, greyish barytes constitutes 90 to 45 per cent of the filling 
of quartz veins, up to 3^ feet in thkknesa, travcning Bundelkhand 
Gneiss, and associated with small amounts of cl^lcopyrite, accord¬ 
ing to T- C+ BagchL The network of quartz-barytes veins crossing 
porphyritic gneiss near Alangayan^ in the Salem district of Madras, 
wai regardi^ by Sir Thomas Holland as an original magmatic 
segregation, but this view has proved unacceptable to other au thori- 
ties^ Barytes veins arc also known to occur at Bharra, in Rewa, 
Vindhya Pradesh; Pipalkotc, in Dewas, Madhya Bharat; Sailj 
Namaid district, Padala & E^t Punjab States Union; Kandand 
Tatyana, in Sinnur^ Himachal Pradcah; Khanidanda, in Piuthant 
Nepal, and in the Great Limestone of the Riasi toAifV, Kashmir. 

In India, as in other lands, barytes is one of the most widely 
used minerals in the paint trade, and in the wcightiiig of the muds 
drcuLatcd during the drilliug of oil weils by the rotary syslcm- 
' Powdered barytes \ states the Paint Federadon of I ndia," possess^ 
a specific gravity and transparency which render it ideal to use as a 
base for the lake pigments. Its transparency does not interfere 
with the colotned base from which tlic lake is manufactured. Its 
specific gravity and texture impart excellent brushing and levelling 
properties whm incorporated in a paint mediunu Its use is not 


BAftYTES 45! 

^[ifijied to lake roanufkciure as it fofioa the pigmentation basb 
for at lea^i 50 per cent of the paint tradc*i mafiufacturcd products/ 
Pure, powdci^ barytfs is mow-whitc in colour; the lower gradp 
usually have a brovm or pink tlnti but arc still suitable for uk in 
coloured painis and arc 310 employed in very large quaniiiics. 
Great amounts of barytes arc sdso consumed in the manufacture of 
liihoponc, a chemical product consisting of about 70 per cent of 
barium sulphauj and 50 per cent of zinc sulphide. It is a white 
pigment, inertj nan -poisonous and gcneraJly a good paint for many 
indoor purposes^ which is often substitut^rf for the more opaque 
lead pigments as these are toxic and liable to be discoloured by 
hydro^ sulphide, often present in die air of towns. Liihopone 
is also used as a filler for many manufactiired products. Ghemi* 
rally pure* precipitated barium sulphate is known as * permanent 
white ’ or * \ and replaces the pulverized natiu^ mineral 

Ln superior-quality paints, enamels and btequera^ besides servi^ 
aa a base for coaJ-U\r dyestuffs and as a coating for some superior 
grades of paper. Apart from the paint industry, powdered barytes 
in its capacity as a hlUng agent imparts both weight and volume 
to a whole range of manuL&c turcs, including rubber* tidies, paper* 
cardboard, iKtthcr* oilcloth* linoleum^ asbestoa* pieties and many 
other goods, it serves the ceramic industry in glasdng and enamel¬ 
ling and the glass-maker as a fluxing ingredient and a constituent 
in some special types of his Many baniun ^mpoun^ are 

made on a large scale i amongst others are the peroxide, used in the 
manulhcture of hydrogen peroxide; the nitrate* in pyrotcchnyi 
green flares and explosives [ the oxide and carbonatCi ui caw^ 
ha^enJng of sicel; the chloride and hydroxide, in the purification 
of beet sugar and in chemical analysis, the former lor the detection 
and estimation of sulphates, the latter for the titration of w'eak acids 
In volumetric work; and the titanate in ultra-high pennittivity^ 
electrical condenser!. 

Barium itself is a soft, silvery white metal which melts at 850 C. 
It ii very reactive and greatly resembles metalUe calcium in its 
general behaviourp Available on a commercial acEile in both 
Canada and the Uiutcd Stato of ArneHca, it forms alloys with 
alununiunif magnesium* lead, nickel and other metals* but as yet 
has few significant uses^ being mainly employed as a getter' for 
dcctronic vacuum equipment. It has another outlet in the prepa- 
ration of some bearing alloys and appears to have possibilities as a 
deoxidant for high-conduedvity copper. 

The average annual production of bajrytes in India rose Crooi 
approximately 7*600 tons, valued at Rs 53^970, for the five yean 
^934"^^ to 14*300 tons, valued at Rs 86,795, for the corresponding 
period 19(39-43.^ It increased again in the five years ending 194B 
to ^3,300 tons and R3 3^3^^*Sg4: thus* in the 15 years concernoi 
the annual average tonnage was more than trebled. Over the 
same period the pit's-mouth value has doubled, from about Rs 7 to 
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Rs 14 per tocij while the price ef Iiixap* ofF-colour, Andhra barytes 
on the Calcutta market advanced to Ri 50 per ton and that of the 
lumpf pure white variety lo Rs 120 per ton* Some years agp India 
imported between 4,000 and 5,000 tons of baryE« per annum, but 
over the past decade these iidportJ have dwindled Into [mignificance 
3J product ion has increased and inremai demand has growm 
Indeed^ the major portion of the present output ^ exported, the 
average for the two years 1947 and 194S being i5»50O ions v^ued 
at Rs 18,07,060. In 1949, 15^82^1 tons; mlued at Kb 17,81,761, 
W'ere shipp^ abroad p 

To be acceptable to either the paint or the petroleum indtis* 
tries, it h eaaefitial that the mineral should be very 6ndy powdered 
and the product must contain at least 96 per cent Dfbarium sulphate. 
Paint manufacturers specify a minimum of i per cent ferric OKide 
in crude barytes^ and exact penalties for every 0-1 per cent 
above this amount; further* the residual matter on a B.S*S* 
sieve must nut exceed 0-4 per cent. The proc^ing of barytes 
for the market is consequently one demanding very close control, 
tf uniformity tn 3i2e and freedom from iron oompounds and other 
Injurious substances k td be ensured. This is again rt^ected tn 
the price of the finished products: when pure white, lump barytra 
w-as selUng on the Calcutta market at ^ 12O per ton, standard 
quality, ground to pass 300-mesh* was sold at Rs 240 per ton. 

It has been stated that if carelul mining is not resorted to the 
existing supplies of white bar>'tes will be quickly exhausted in 
Andhrap and that so far as the Guddapah depoaits are eoucemed* 
this quality in any case doa not exceed 5 to to per cent of the total 
mineral won. For the orderly development of the Indian mdus^^i 
therefore, it is important to investigate the problem of producing 
bcttcr^uality products from the tintedi offxolour varieties of 
barytes. 

ABRASIVES 

The natural abrasives ineludc bort and carbonado, both of 
which are varieties of the diamond, corundum, emery, garnet and 
quartz in their order of hardne^* In cutting power die diamond 
reigns supreme, indispensable for many industrial purposes and 
unsurpas^ by any other substance either natural or artificials 
The efficiency of an abrasive depends not only on its hardness and 
toughness but also on its ability to develop and maintain a proper 
angularity, even in its smaJl^t particles- It is hugely for this 
reason that corundum has not been displaced entirely by the 
products of the deetric fumaccp such as carbortmdum, the Bilicide 
of carbon; synthetie aJmnina, known, under a great variety of trade 
names; and norbi tCp the carbide of boron* Emery, a rock com¬ 
posed of granular corundum and rnagnedte, familiar in the form 
of emery paper^ cloth and wheels, has not been fomnd in India, 
Fakismn or Burma, and comes mainly from the Grecian isiand of 
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Naxos ajnd from Asiadc Turkjcy. Gamctj at on* time almost 
universaliy employed in south India by the cutler, stone-m^n 
and others as a substitute for curundum^ still has its applirations 
in certain special crafts in which it is preferred to the harder mineral. 
Quartzj alonCt or in one or other of its tiumerous varieties, or, again, 
in rarer cases, in combmation with some hard silicate, is the basis 
of the large group of the siliceous abrasives. 


CORUNDUM 

Corundum U the natural osdde of aluminium, Ai^O^ and its 
clear, coloured varieties form the ruby, sapphire and other precious 
stones. Second only in hardness to the diamond, its dull, opaque 
forms are sdll used in large quantities and, in spile of the comf^ 
tition of the synthetic preparation!!, are sdll regarded as csscniial 
for many speclaltied pmposes, particularly for the grinding and 
finishing of optical lenses, plate glass and quam surges, owing 
to its superior physical properties and crystalline structure. Its 
name is derived from the Tamil kunuidam and is proof enough that 
the minera] became known to Europe from imported Indian 
specimens, for it has been worked in the country from very early 
times to supply the needs of the armourer, lapidary and o^er 
craftsmen, by whom it was used either alone or formed into various 
shapes after mixing with lac. These included discs for laps, wheel 
grindstones, whets, sills p hones and sdeks,^ 

Statistics of corundum produedon in India are admit tcdly 
incomplete for they do not include the casual collection^ made by 
villagers^, probably amounung to considerable quantities in the 
aggregate, which reach the bazaars of the cjtics where the lapidary 
still fiounshes. In any case the output is extremely variable. In 
[909, 40 tons were produced and in 19^3^ 44^ tons, valued at 
£2,015, tame from Madras, Mysore and Rewa. For the five 
years ending 1918, the average annual output was J ,^36 tons, 
from Assam alone over SpOOO tons were exported in 19171 Plainly 
to the United 5 tat« of America for fine opiical grinding. It Is 
not certain, however, that much sillimamte was not mduded in 
this quantity. Production cc^ed in Rewa after 1920, but com¬ 
menced agam in 1941* while in Assam, with the exception of small 
quanddes taken by the local Khasis for their own purposesp as hone 
Stones, operadons were suspended for s6 years between 19^2 and 
1947. From tqa^ to J934p inclusive, a total of 44 tons had been 
obiained from the Bhandara district of Madhya Fradesh, between 
1925 and 1937^ [54 tom from the Salem district of Madras, spread 
over the years tgaG to 1930, and about 36 cwt. from Kashmir 
where the miner^ is a by-product of sapphire mining. Between 
1935 and 1939, the Salem district of M^ras yielded a further 
31 tons, and 2 tons came from Mysore Jn 1938, In 1941, produce 
don was restarted in Rewa, with a total output of ayfi tons up to 
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ihe end of tg^3p and iias conliimed Jince that timCj wliilc Mysore 
entered die list again with ao tons in 1943. For the seven ycais 
ending 1950, India*^? totals annual, average production of corundum 
was 256 tona^ divided in the proportion of 11& tons from Rewa and 
134 tons from the Hasaan district of Mysore with the remainder 
from the Khasi Hills of Assam* 

The massive ailiimamte^orundmti deposits of Sona Pahar and 
other localities m the Khasi Hills of Assam are associated with 
biodte-sdlimaiiite-cordierite-^ijarta rock and with sjUimantte- 
quart;! schists* intruded by veins of granite-gneiss* Further detads 
of the occurrences are given under StLUBiANiTE, The total 
production of oonindum from this area while it was worked between 
the years 1916 and 1921 was 6,645 ^ons* to which must now bo 
addra a further 26 tons obtained in the years 194^^ 1949 and J95O. 

The corundum quarries in Rew^, Vindhya Frad«h, arc known 
to have supplied the mineral in 1814 and they were probably 
worked at a much earUer date. The first reference io them In 
European literature was in iBao; they were dt^ribed by F. R. 
Mallet in [872, and again by J* A. Dtmn in 1999. Today there are 
quarries at Pipra (Pipari) and Karkota, both of which are in the 
Vedhan t^ML Near these places there is a small hiU which con^ 
tains a * bed ^ of massive, fine-grained, grey, purple or pink corun¬ 
dum, associated with sUIimanite and hornblende schists^ enstadte- 
bearing rocks and intrusive granite-gneiss of Archaean age. Dunn 
estimated that there are 40D,txx> tons of corundum rock in this 
vicinity* including ioo,ocx> tons of high-grade mineral, as wcO as 
100,000 tons of sillimanite. The recorded output from Rewa in 
its working periods has been from 1901-2 to igao^i* 718 tonsT 
from 1941 to tg5o* 1*070 tons* 

The massive corundum of Pohra, in the Bhandara district of 
Madhya Pradesh, comes Ihim alluvial deposits derived from a 
small hill [n which quartziiOj sinimanite-quart^-rnnscovite schists 
and tourmaline rocks occur. According to Dnimp the deposit is 
unlikely to have a valuable future, though there is a possibility 
that other small ones may be found on some of the hills in the 
neighbourhood* Production ceased here in 1927. 

Giystalliiic corundum has a wide distribution in southern 
India* most commonly in aasociatjon with basic rocks conlatning 
pyroxene as a predominant constituent, together with some member 
of the spinel group of minerals. At the same time* intnisioni of 
p^maiite often occur in the vicinity of the corundum-bearing 
rocks. A great number of localities arc listed from the Anantapur, 
Coimbatore, Salem and South Kanara districts* At Papparapattip 
In Salem* G* S. Middlemlss found it in lentlclcs of feldspar, disposed 
in pardle] bands along the strike of a serirs of foliated p^-roxoie- 
granulites* This band of lenticlcs has been traced by means of 
surface indicadons at intervals from DonnakuttahaUi* on the 
Cauvery, to Chintalakuttaip a distance of nearly 40 milea^ At 
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SitKEunpundi^ in the sajuc districts ^ conidtupnt of anorthite^ 
gneisses^ i^^hiie at PaLakod, also in Salem, Sivamalai in Coimbatore, 
and near Uppinangadi in South Kanara^ it is found with 
^'enicic rocks. Ai Pakikod die coruadiiiD 13 associated with 
greenish-black spinel which is won with ii and sold as mixed to 
local lapidaries^ recalling the similar mixtures m the waste gem 
sands of the Ruby Mines of Burtna-p used by the jade-cutters of 
Mandalay and of Tengyueh [Yunnan) in their trade. During 
the last war^ black sand^ consisting largely of magnedte, lecovercd 
from stream beds near Folur and Timvannamalaip in North Arcot, 
were marketed as ' magnedte^micjy \ for polishing rice. Crushed 
and graded dark-coloured chamockites and magnetite quartitites 
were also used for the same purpose, A fused^ lateritlc material 
from the Shevaroy Hi Us of Salem^ marketed in India under the 
name of Aliroxj probably contains much artihcial corundum 
from its original bauxitic content. 

Gomndura of various grades and colours has been found at 
many localities in the Hassan, Bangalore, Kadur^ Kolar, Mysore 
and Tumkur districts of Mysore, where it is usually obtained in 
the form of broken crystals from the surface soilj having been freed 
from the underlying rocks during the normal process^ of weather* 
ing* Ending with the period [gt^-iB* when an average annual 
output of tons was derived from the Tumkur, M^'sore and Kolar 
districts, there was no recorded production until 1938^ with 2 tons, 
and then until I943;^ with ao tons. The regular returns from the 
Hassan district since 1944 have already bc^cri given- Of later years 
the Hassan production has been partly shipped to the United States 
of Arnerica for stock-piling and partly used in making cornmcrcrnl 
abrasives in Bangalore. 

Coated abrasive papers and doth are now made in India on a 
fairly extensive scale and piecision grinding wheels are also fabric¬ 
ated by one tir two hrms, but for the most part imported materiais 
arc used for these purposes, in small establishments scattered about 
the country. The Heavy Chemicals Panel reported m 1946 that 
the annu^ imports of abrasives were of the value of about Rs 10 
Lakhs, while the value of the indigenous production was about half 
this amount. 

No aecouni has been taken here of the fractional quanuties 
of corundum, often amounting to only a few pounds in weight, 
which have appeared regularly in the returns between 1933 and 
* 9+3 ^ comiEig from the sapphire mines of Kashmir, They are 
probably impure blue kinds too poor in quality to rank as gems 
and are perhaps used for sp«Lal purposes. The mines lie near 
Sumj^ (Surasam} In the Kishtwar district of Jammup Small 
quantities of corundum are also known to have been obtained from 
Mahbubnagarp Gulbarga and Nalgonda, in Hyderabad. 

Most of the world's supply of corundum comes from the north- 
extern Transvaal^ in South Africa^ whence it is shipped as crystals. 
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crystal fragments and milled conccntraEra. ProductiDn vado 
greatly in accordance with market demand and in pre-war yean 
xeaebj^ about 3,000 tons annually, quickly rising to a peak of 7^000 
tons in 1943. Crmhing and grading are carried out in the im-^ 
porting cowtriesp mainly the United Slats of America^ where 
coarse graitu arc used in the manuf^ture of grinding wheels, 
sticks and segmenis^ while whole ranges of fine to superfine grades 
go to the optical trade and into the preparatiDn of cortiiiduin 
papers and cloths. The finest flour grades are said to be shipped 
all over the world for the finishing processes of sp€!ctaele lenses. 

Between T 900 and iqai Cana^ produced 19,5^4 tons of corun¬ 
dum from the R^lan and Carlow townships of Renfrew county, 
OntartOf and this industry was revived again in 1944? with an 
output of 1,317 tons in 1945. The Canadian mineral occurs as a 
constituent of a nepheline syenite group of rocks and in places 
forms as much as 10 per cent of ihc rock mass, though the average 
content of the materi^ as milled is between 5 and 6 per cent. This 
occurrence is mentioned here because it bears a striking resemblance 
to some of those in southern India, and particularly to the conm- 
dum-bearing nephdine syenites of the Sivamaiai Series of Coimba¬ 
tore, Madras. The Canadian corundum occurs chiefiy as a 
component of reddish alkali syenitea and of their pegmatide facica^ 
found in dykes up to 18 feet wide, ^e precise affinities of the 
Sivamaiai rock to the local nepheline and augite s>"cnites have 
not yet been worked oul^ but it certainly is a genetic relative, due 
to magmatic dlficrendation. The nephdine syenite is itself mined 
on a large scale in Canada for use in the glags and pottery trades, 
as It conidns ao to 30 p^ cent of alumina as oppo^ to 17 to 30 
per cent in feldspar, while its higher alkali content reduces the 
temperature of melting. An anadysjs of the typical Sivamaiai 
nephdine syenite rock by L. Walker shows an alumina content 
of 33 Bi per cent and the high alkali content of 14^39 per cent, 
while the nepheline itself coniams 34* 35 per cent 01 alumina and 
ao* 14 per cent of alkalis. 

The Transvaal corundum comes from the Zoutpansberg and 
F^elersbcrg districts where it occurs in plumasiEe—a feldspao- 
corundum rock fwhich can be matched in southern India) and 
duvial deposits derived from iL Most of the deposits are 
and widdy ssttered over an area of some %qqq square inilcs^ 
The materia] is said to be collected by individual diggers and either 
l^d-sorted or processed in a mill at Pietersberg^ By means of a 
t^Eorpi«_ offidai control, involving Government grading and the 
prohibition of ej^Dorta vHthout a certificate ofauthormadou., quality 
has been mamtam ed, a reputation for reliability established and a 
regu^r flow of trade through efficient dlscributlon channels 
developed, ^ small but successful mineral Industry based 

not on the activities of large companies^ but on the mdi vidua! work 
of many small operators, has maintain^ its position in the world's 
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trade in spite of line compeddon of ardficiai abrasives. Recent 
inquiries have revealed that there is a market both in the United 
Kingdom and in America for good* CTyrstalline grades of south 
Indian t>T>eSj which compare favourably in every %vay with the 
marketed varic ties of Transvaal corundum, and perhaps the adop don 
of some system of collection and control, simiJax to that in vogue 
there, but modiAcd to suit local conditions, might revive the Indian 
industry and enable it to both satisfy the home demand and contri¬ 
bute to the export trade. 

GARNET (ABRASIVE) 

Red and brown garnets arc common in the crystalime rocks of 
the Indian Peninsula and^ when they possess the necessary trans- ^ 
parency and arc sufficiently free from flaws, are often cut as gem * 
stones. The iron garnets and particularly the variety almandite^ 
Fe^Al^ [SiOJi^i arc also used as abrasive materials, an appltcallon 
wMeh they owe to their hardness, brittleness and property of 
fracturing into small, uneven^ sharp-edged^ angular fragments 
under pTessure^ The abrasive properties of garnet have been 
known to Indian craftsmen for centuries and were utilized widely 
at one time as a substitute for corundum. After being crushed, 
classihed and prepared, garnets arc used as coatings Ibr paper, 
V cloth and disa in the same way as corundum or emery»the linishcd 
I products reaching the market in very similar forms. Small 
quantities of superfine garnet powder are used for surfacing plate 
glass as well as the softer ornamental atones such as serpentine or 
^ marble. Carnet papers and cloth are said to be indigpcnaable for 
finishing purposes in the wood-working and leather trades; they 
arc also used in the final stages of the preparation of rubber and 
celluloid goods as w'cll as for scrubbing down varnished surfacfs 
and variotEs other purposes, but the demand is a limited oncj 
only capable of absorbing a few thousand tons per annum 
and, as a consequence, industriai specifications arc unusually 
reacting. 

From time to time large quantities of garnet are reported as 
having been p^uced, presurnably for such abrasive purposes, in 
the Tininelvdi (TirmeveUy) district of Madras. In 1914, 1,000 
Eons of garnet sand were so reEumed; in 1927, 285 ions; in 1928, 
480 toia; in 1932, 147 and m 1933, 295 tons, valued at Rs 2,950^ 
Again, in 1937, 330 tons, valued at 1,650* app»r in the returns, 
and the last recorded output from Tirundveli was 12o tons in 1938. 
Over the next decade, 1939*49, 47 i* cwt. appear in the 

official mineral statistics, and their origin was as follows: 6 tons 
from the Nellone district of Andhra in 1939; 23 tons from 
Travancore in 1944; 8 tons frum the Kolar district of Mysore 
in 1947 J to tons fi-om the Bhagalpnr district of Bihar m 1949 
and 12 cwt. from Kishangarh, Rajasthan in 1945. 
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The Tinindvcli garnet cann: from sands oF the: Ov2iri-Navaladi 
and KuttankuU areas. Similar sand is abo obtained m large 
quantities from the sea beaches of Travancorcj but such fine^ 
watet-botne inatcrial, with its sharp edges abraded awayj is not 
nearly so vaJuable as crushed garnet crystals obtained from tnt\. 
In south India, apart from the areas already mentiDned^ the gamed- 
ferous hornblende gneisses of Khondapalle* in the Krishna district, 
arc capable of yielding garnets in quantity, as also are the schiits 
of the mica belt of Nellorcj as, for esampie, at Saidapuram^ and 
the deposits of coarse crystals found by P- K. Ghosh, near Korlraa 
Konda, in the same djstrict+ The mineral is also unusually 
abundant in the gneisses near Kjtnnamaiigalamp in North Arcot, 
to the ofSeven Cairns Hill, 6 miles north ofO^tacamimd, 
in the Nilgiris. A gamet-rieh rock from Sanyasimalai, in the 
Shevaroy Hills, is crushed, graded and marketed as ^ ^met- 
emc^ , Graded and coated garnet abrasive products are now 
flaade in India by Ajax Products Ltd, of Madnas, the supplies of the 
raw mineral being drawn from the mica bek of Nellore. 

GamcLs up to one inch in diameter are found in large qnantitica 
in the surface detritus of hornblende schists near Kuppur, in the 
Tumkur district of Mysore. In Hyderabad, dnular detrital 
^mets arc available in abundance in the south-eastern parts of 
Yelland u and the northern poriicins of the Kanunamet and Madira 
taluks^ including the Gobbugurti and Kannigiri Hills, As long 
ago as 1880, C. L. Griesbach drew attention, 10 the isolated masses 
of garnet rock in the vicinity of Gobra HiU, and to the parches of 
the same material associated with hornblende and micaceous 
quartz schists between Rampur and Kapaut, Surguja, Madhva 
IVadeah. According to V. R, R. Khedker, there are quantida 
of loose, gamei crystals, derived from gametiferous mica Kchists, 
near the 7th milcsione of the Itarsi-BetuL road, in the same State* 
Garnets weathertd from their mother schists are obtainable in the 
eastern- Singhbhum district of Bilmr and from adjoining tracts of 
MdMporc, in West Ber^, as well as In the Rajmabal Hills. 
Unul recendy the mineral i^as collected by villagers near Malibani, 
m SJnghbhuin, and ii is obtained from the surface as well as 
qua^i^ as ^casion arises at Jha Jha, in the Mongbyr district 
of Bil^, Near Sarsari, in Ajmcf^Merwara, A. M. Heron, in 
f924, found upwards of 15 irregular bands of massive, reddish- 
bro^ garnet more than one foot in thickness. They occur in 
banded granulites iuierheddcd with crystaUine limestone. The 
largat baud, 6 to is feet in width, forms an outcrop 15 feet high 
m places and can be traced for about 300 yards. Four-fifths of 
this vem IS ^lid garnet, the remainder being quartz, caldte and 
country toct Loose blocks, two or three i«t across, of almost 
pure garnet^ are strewn in dozens all along the outcrom of the 
chief bant^. The locality is accessible and only 5 miles from the 
nearest railway* B. C. Cupta, in 1934, recorded Aravalli schisti 
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thickly studded with ganwtoystaLifrtjm varmus locaJitks in ccairal 
Me war. Those near Pur and Hamai Bari merit attention as they 
are easily ap[>roa€habtc from the railway at Bhilwara. 

Most of the world^s abrasive garnet is won in the United States 
of America, where the principal source of supply is in the Adiron¬ 
dack mountidiis of Warren County^ New York. The material 
IS obtained by open’^caat mining, milled and concentrated by heavy- 
medium separation. For many yeara the United States prK^uedon 
was between 4^000 and 5,000 tons per annum^ but by 1947 it had 
increased to nrarly 8,000 tons. Garnets intended for abrasive 
purposes should be clean, fresh and free from marked inclusions 
or decomposition. Those from the Aimerta region of Spain used 
by London abrasive manuJacturers some years ago were small, 
independent, fairly clear crystals about the suse of a small pea. 
Prospectors should note that badly weathered, shattered and 
impure crystals are not wanted in the trade ^ moreover, it has been 
authoritatively stated that in large-scale garnet mining and miQmgj 
a recovery of at least 10 per cent from the crude ore is essential 
if the undertaking is to be profitable- 

STAUROLITE 

Staurolite Ls a silicate of aluminium and iron, crystallizing in 
the orthorhombic system, resembling the minerals of the k>^aniie 
group in compf^itlon but containing about 16 per cent of ferrous 
oxide and less than •z per cent of water, which is retained at a high 
temperature. A little of the iron may be replaced by magnesiunL 
Its formula is probably 4{A]^i05)-Fc(0H)|., Its hardncs 
Lfi about the same as that of abiasivc garnet {7^5)^ ^d 
like it, the mineral is brittle with a aubconchoidal to une^'en 
iracture. 

Bruce Foote, in his account of the Geological Structure of the 
East Coast between Ramapatnam and Masulipatam, published in 
1880, afrer refemng to the collection and sale of garnet sands in 
the local bazaars as a substitute for emery, adds that the people 
" seem unacquainted with the (act that staurolite, of which an 
immense quantity is to be bad in and near the Chundi Hills of 
NcUorc for the mere trouble of picking it up, is a material of superior 
hardness to common garnet. Even in the European markets the 
value of staurolite in that respect appears to be unknown, probably 
because hitherto untried *. Ihe mica schists of the Chundi Hilu 
art very thickly crowded with staurolite in many places, in others, 
with masses of pale blue kyanite, or with both minerals mixed up 
confusedly, as on the Mala Konda which forms the south-westera 
extremity of the hills» 

It is known that about 15 tong of staurolite were CDllcetcd for 
abrasive purposes at Holcnarasipur, in the Hasgan district of 
Mysore, in 1945-6, and, in case of future requirements, some 
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further localiti^ desefvc mention. Detrital staurolitt, derived hy 
weathering &om its parent mica schisu^ is available at PirampalJi 
and Lacha^da in the Yellandu talutt of Hyderabad; cast of 
'Patanagar in Singhbhum, Bihar; and similarly in a belt df mica 
whists, about one mile widCj ease and south-east of Lapsa Burp^ and 
especially near the village of SLni, in ScraiieU. A. M. Heron 
stat« that the coarsely foliated, crystalLiDe schbts of sedimentary 
origin in western Jaipur^ Rajasthan^ contain stauroLite or large 
garnets m great quantity^ 

^Tien clear enough and cut in the proper dhecdonSp itaurolhe 
furnishes plcochroic gemstones of pleasing appearance. 

SILICEOUS ABRASIVES 

Grindstones are shaped as a rule from hard, even-grained 
sandstones, chosen so far as their coarseness is concerned for the 
ty^ of work to be done by the finished stone. In India, Pakist^ 
Eunna such ideal materials arc not always available and so 
It IS found that quartziteSp granites, fine-grained quartz schists and 
similar hard rocb are employed as substitutes. This is not a 
universal rule, for in some regions there are abundant supplies of 
excellent stone available, as amongst the Vindhyan sandstones 
for example, and pardcularly those of the Shahabad district of 
Bthar. It was in 1857 that E. Balfour prepared a comprehensive 
list of * Materials from the Provinces of die ^fadras fcsidency 
suited to Grinding, Sharpening and Polishing an account which 
^e Government of Madras nearly a century ago considered 
important enough to publish in its own ' Select Records*, In 
1941* J. A. Dunn summarized briefiy the resources of Bihar, and 
in T942 Dr M, R, Sahni"? bulletin on ^Abrasives and Grinding 
Materials * appesu^. The abrasive materials available in 
Orissa are listed in a memoir on the economic geology of 
Ae State, by Drs A. K. Dey, B. C. Roy and Messrs A. M. N* 
Ghosh and G, G. Chateiji, published in 1943, but, for the 
most part, the notes on the siliceous abrasives which arc given 
here are based on scattered references in Indian geological 
hteraturc in general. 

In the Cuddapah and Rumool districts of Andhra, coarsct 
r^gh feldspathic gnts, close-grained, but not as vitreous as an 
ontlinary quartaiic, are widely worked for grinding stones. Sand- 
stOM of a fine, even-grained texture occur in the Cuddapah and 
m^eGondv^ rocks of Orissa and are quarried near Khandgiri 
die Khurda subdivision of Puri, for grindstones 
tod zziiilstoncs. Grindstones equal in quality to any imported 
abroad are made from the Cuddalore Sajidsiones of Satras* 
ngleput district, \Cadras. In some parts of Bihar quartzites 
are quam«^ for grindstones, and P, N. Bose has related how he 
saw them being made at Kuliana in Mayurbhanj. The harder 
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smd finer varieties of the Himatnagar sandsiones of Idarj in Bombay^ 
would also make good circular stones. 

For millstones there is no better material than the hard, tough, 
coarse, ailiceous sandstones of the English " hlillstone Grit but in 
Eastern lands, as in the case of grindstones^ while the best material 
may not be available everywhere, more or l«s efficient substitutes 
can usually be found. Away from the great alluvial plains, and in 
those regions where ground cereals form the staple diet of the 
populace, considerable acumen is displayed in the selection of 
suitable stones, and small quarries, worked intermitIcntly from 
time immemorial j betray their provenance. 

In Bihar, the coarse arkoses of the Kharakpur Hills at one time 
supplied a wide region around Mongh>T with worked stones, while 
the fine-grained granites ofChota Nagpur, the traps of the Eajntahal 
Hilh, and the Archaean lavas and dolcriic dykes arc all suitable 
and readily obtainable. Among the Gondwana rocks, wherever 
they occur, the Barakar Grits arc widely employed and in many 
of the coaffields arc quanied specially for thb purpose. Stones 
for rice milLs are made from the CuddaJore Sandstones of Vriddha- 
chalam and other localities, in the South Arcot district of Madras, 
while for the piUar sugar-milis of central India, a coarse, porphyritic, 
granitoid gneiss is favoured. In the Nagpur district of Madhya 
Pradesh, coarse, gritty, feldspathic sandstones from the Kamthi 
Beds arc utilized, as well as vitreous grits which break with a 
conchoidal fracture. Hard sandstones of Bijaw'ar age were at one 
time extensively worked for m lib tones in Bundelkhand, The 
Alwar Quartzite b quarried for the same purpose in some parts of 
Rajasthan, though at Banner, in Jodhpur, a local, indurated 
sandstone b used. Strongi tough millstones are made in Kntcb 
from siliceous, ferruginous grits ofbothJurassic and sub-Nummulitic 
Groups and frnm a very similar rock of Tertiary age. The un¬ 
usually thick, bedded sandstones of the Kaladgi Series In Bombay 
are believed to be well suited for the manufacture of Large miU^ 
stones, while for local uses in Idar, mica and quartz schists 
are taken. Qi^tz achbts and phylLltic quartzites in which 
the quartz grains are embedded in a sUghtly softer matruc 
fonn part of the Chandpur and Nagthat Scries of the Simla 
Hills, and arc worthy of a trial for abrasive purposes, states 
J, B. Auden. 

For shaipening and wheUtoncSi hard, finely granular, quanzose 
rocks, including sllidficd of Pliocene age in die case of Burma, 

are the commonest types m giencral service, but, here again, 
necessity nficn compeb the use ofdiflercnl materiab. The inhabi- 
tants of villages in the rocky tracts show shrewd dberimination in 
such matters, and there is often some particular nearby spot where 
rock in sita, the best that the neighbourhood affords for the purpose, 
provides a communal sharpening place for both took and 
weapons. 
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Many varieties of rock arc used as hones; in Madras fine¬ 
grained basalt was employed by cobblcrSj farriers and ftaddlcrs but 
the cutlers preferred a closely textured yellow^ sandstone which 
came lh>m Nellore. Balfour remarks^ howevexj that over a century 
ihe>^ were being displaced by sills made in Mysore^ from 
corunduiti and lac. In those regions where they arc obtainable 
from Archaean and Guddapab rocks^ in Orissa^ or from the 
Vitidhyan formations wherever they happen to occur, the finer- 
grained quartzitca furnish good honestoncs ttt any quantity* The 
hard, compact^ siliceous limestones and the siliceous slaty shales, 
such aa those of the Kumool and Cuddapah district of Andhra, 
make good oUstones, and a hardened grey clay slate from the 
Guntur district is said to lescmble closely the celebrated * Water 
of Ayr * stone of Scotland, widely used for sharpening thin-edged 
tools, such as plane irons and wood chiack. The compact flinty 
rocks produced in great part by the sIliciBcation of volcanic tulfr^ 
of porcelain-llke appearancep described by Mallet, Vredenburg, 
and mom recently by Auden^ which form the mlddlje stage of the 
Semri Serid of the Lower Viodhyans, along the Son Valley and 
the Kaimur Plateau, in the Miriipiir distiicc of Uttar Pewiesh 
and Hewa in Vindhya Pradesh, supply materials admirably suited 
for hones and, as Dr M, R. Sahni hii stated, could be more exten¬ 
sively employed than has hitherto been the case. S Inrular porceUa- 
nit« can be obtained near Makerchua, Jhamamal, and Khajuria^ 
in the Sambalpur district of OHssa. For finer work still, where 
very keen, raaor edges are required, special stones, such as the 
Wichita and Arkansas stones of the United States of America, ^ 
used in many countries- The latter is a variety of novaculite, 
and it is not generally knovm that identical material is to be found 
just above the Panjal Volcanic Series at Bams and KJiuiimuh, in 
Kashmir, in a hand 6 to 10 feet thick. Dr D. N. Wadia describes 
it as a compact, chert^like rock of white or cream colour, intimately 
associated with crystalline limestone, from which it may have 
originated by the metasoznatic replacement of calcite by silica 
under soiiataric condidons. Variedes of blackp flinty jasper, 
known as Lydian Stone, occur in the rocks of the Kumool Series, 
near Nandikotkur in Kumool district, AndhraH Owing to their 
colour and hardness they are used by goldstniths as touchstones 
in testing the purity of the precious metal ^ for the colour of 
the streak so obtained gives a rough indication of the composition 
of the alloy to the experienced eye. 

Rounded pebbles of flint, quartz and tough quartzite 
required for tube and conical ball mills of various t^peSt grinding 
such materials as potter^' clays and paint mixtures in which colour 
contamination from the more usual, steel grinding baits k not 
pcrmisdble; solid blocks of flinty chert or quartzite are also needed 
for their Uninga. Dr Sahni has listed 14 localitica spread over 
Bihar, Orissa, Madhya Pradesh, Vijidhya Pradesh, Bombay, 
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Andhra and Uttar Pradesh where syeh pebbles are obtainable and 
there are doubtless many mote. Large masses of flint occur near 
the base of the Nummulitic ILmestones of the Sukkur and Rohri 
Hills, to the cast of Khaiq>ur, in Pakistan. Similar concrclions arc 
also found in the Cretaceous ijmestones of the Ekihiii Pass, in 
Baluchistan. A band of Biats^ rcsembLLng those from the chalk 
fonnatlons of Europe^ occurs In clays and shales near Goorchycolum 
and Scndcrai, in the Timchirapalli district of Madras. In southern 
SLnghbhum there are betls of pure white chertp a mineral which 
greatly resembles flintp but U perhaps more brittle and spUim^p 
in the Iron Ore Series, particularly near Jamdup and jimilar 
material occurs in southern Dhalbhum, feeding the local atreams 
with chert pebbles. The cherts in Chandil, Manbhum, are not 
sp purcp and the rhineral is probably available In other parts 
of Bihar and Orissa^ vrherever the Iron Ore Series surfaces. 
Both flint and chert can be found, though not very abundantly, 
amongst the trap exposures of the Rajmahal Hills. Flint has 
also been reported from the infra-Triassic limestones of Hazara, 
Pakistan. 

Sands of various grades and suses arc used for sawing and 
smoothing marble and other ornamental and building stones^ for 
grinding glass; for sand blasting and cleaxting mctalLic surfaces 
as well as for the preparation of sandpapers. River sands or 
cmahed and cleaned ^able sandstones are preferable to the rounded 
grains of beach sands. 

Silica is the base of a great many preparations used in scouring, 
cleansing, burnishing and polishing operations, ranging fhim the 
compact punuce {a honeycombed volcanic glass) used to holystone 
the decks of ships, or rub down paint work, to the Bath brick and 
similar substances for domestic deansing, or the proprietary 
powders and pastes which impart brilliance to metallic surges 
such as copper and brass. Other preparations now used to impart 
fiolishcd surfaces (claimed to be hard, glass-like and impervious to 
heat and moisture} to glazed, cdlulos^ and enamelJra surfaces^ 
contain silica In the form of silicones. Diatomitc, tripoU and 
rotten stone all owe their eflEcairy to silica in some form or othcr^ 
In the Gangamopteris ficxls of the Resin Spucp Khunamuh, near 
Srinagar, Xashnur, there occurs a volcanic tuflf which when pulvcr- 
iz^ and cleaned is an eminently suitable base for metal polishes, 
window-cleaning compounds or razor-strop pastes^ accoraing to 
C. S. MiddlemisSi Other materials worthy of trial for similar and 
related purposes include the abrasive silts of Fulivendla, in 
Cuddapaih; the friable, white, chalky clays of Falkur and Nanda- 
varam, in Banganapalle, and Chinna MaJkapuram, in KumooL^ 
Andhra, as well as the non-plastic, white clays to be found about 
3 miles south-'west of Sitapur, in the Banda district of Uttar Pradesh. 
A friable tuff, known lo^ly as bhasmaj occurring ia the Ambika 
river, near Kelkach, Barofla, may be added to the list. 
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True dlatomite ha5 not been found in Ind^ PaJdatan or Burma 
but recent marine mud5 &om banks off tiue Tmvancorc Coaatj near 
Ncrrakal and Allcppcy, arc ricb in the remains of diatoms. 
grade diatomaccous earths arc known to occur on Camorta and 
Trincutte islands of the Nicobar groupp 

Sand and emery papers and cloth are now manuXactured in 
both India and Pakistan by firms In Amritsar, Bombay, Calcutta, 
Kumoolj Lucknow and Rawalpindi. 


CHAPTER XII 


MINERALS USED IN AGRICULTURE 
FERTIUZERS 

In order to maintain agricultural land in pnoducuve condition^ 
especially when it has under cultivation for long periods* it is 
essential to return to the sod the plant nutrients which the crops 
themselves have talcen from it^ or which have been leached away 
in the course of time by rain-water, a more potent agent in the 
tropics than in more temperate climates. The principal plant 
foodi arc nitrogen, phosphorus amd potassium, and a crop of iS cwt, 
of wheat removes 55'^ lb. of nitrogim (N)^ 15*3 lb. of phosphoric 
acid (P|Oj) and g g lb. of potash (K^O) per per aMum. 

Successive harvests and annual monsoons constitute a continuous 
drairi on these vital elements, and unless the losses are made good 
either by natural processes or by the use of organic or chemicaJ 
manureSj (ertility decreases and the land suflers slow exhaustion, 
rejected in its diminishing returns. Such* unfortunately was 
the case in undivided India, where yields per acre had been fallmg 
before 1939* 

Leguminous plants reaiote rulrogcn from the air to the soil 
through the aid of nitrifying bacteria in their root nodules* in 
quantities greater than their particular host-pl^t requires for 
own sustenance, but where a^ctiituraJ contfitions or customs do 
not take advantage of this provision of nature* or pcnnii the addition 
of sufficient nitrogen in the form of organic manure* the appheation 
of nitrogenous fertilizers becomes necessary if plant growth is to be 
encouraged. 

The principal nitrogenous chemical ferdlizm arc ammomum 
sulphate {with 20^6 per cent nitrogen), caldum c^miamide [ai per 
cent N)* sodium nitrate (Chile Saltpetre, with t6 per cent N)* 
calcium tutratc (nitrate of lime with 13-15*5 per cent N)* ammo¬ 
nium nitrate (with 33 per cent N) and other synthetic compounds 
such as ammonium phosphate (monoammenium phosphate with 
ts per cent N and ^ per cent phosphorus pentoxide, P^Og} or 
diammonimn phosphate (with 21 per cent N and 54 per cent P^O^)* 
urea (46 per cent N), etc. In J938-9 the world^s output of these 
nitrogenous feniluEers* reckoned in terms of combine nitrogen* 
was million tons of whidi nearly 75 per cent tvas * h^ed ^ hrom 
the atmt^here, 17 per cent was a by-product front the coking of 
coal, while Chilean nitrate provided about 9 per cent of the totaL 
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Ten yean later, by the world total had risen to 3 j milUon 

tons, esurluding the Soviet Union in both cases. The chief runedon 
of nitrogen is to promote ^Jant growth and it is especially Importiint 
for leafy crops and in regions where the soil is subject to leaching^ 
Ammonium ^phate is by far the most important member of this 
group, pro%'iding before the last war about haif the total consump¬ 
tion of chemidai fertilker rulrogcTip 

Pho^honis is a consdtuent of proioplasm and is necessary for 
cell division^ it is of prime Imporlance when plants are young; it 
stimulates dwelopmentj promotca! early npetting of gmins and 
mcT^Aes their food values. It has been stated lhat the yield of 
rice from allu^al land in Burrna is roughly proportional to the 
ph^phone acid content of the soiL As it passes largely into the 
^ c under cultivation for long periods become 

deficient m the elerocnt* Powdered and burnt bones have been 
as phi^phatic IcrciUzers in some countries for centuries, but 
ihe acuon IS wry slow on account of the poor solubility of the 
calcium phi^haie, Ca^{ro*)„ which they contain. It was not 
until i&4a that the Engluhman, John Uw«. patented his process 
for improvnig the a^ulabihty of phosphorus by treating bones, or 
pho^^tc rock, with sulphuric ac,d. By this means the insoluble 
Ca.tFOjJ, IS txacwcnxd mto a soluble form Ca(Hi,POJ..H,0, 
and the sulpluite Ca^^.aHjO, the mixture known in the trad * as 
superphosphate . The principal phosphatic chemical ferti- 
l«e« today me mperphosphaic (with 14 to so per cent P,0»1; 
triple superphosphate made by substituting phosphoric acid for 
the sulphunc acid used to prepare normal superphosphaw (with 
up tom^Jy 50 per P.Oj), rock phosphate (with a-j to 40 per 
emt PaOj}, bMic slag (with 8 to 19 per cent PjOjJ and ammoni^ 
phosphme (wth 54 per cent P^p^ and at per cent N, or 62 per 
cent P,Oj and 12 wr cent N). The organic merabm of the group 
include bone meal, guano and fish and animal residues. Super- 
ph^^te accounted for some 85 per cent of die world’s total 
P phosphat^ m 1948-9, estimated at 5 million 

tons P, 0 ^ compared With million tons in 1938. Evm before 
ofpht^hate rock, from whi4 most of this is 
imd^, had reached 13 million tons per annum. By [OuiS-o the 
wrld total had "sen to 19 million tons, some 80 per cent of which 
i^t m,o superph^hale isurb. After superphosphate, the second 
most impor^t phmphaae fertiLxer is basic slagf a by-product of 
^e iron and stwl mdustry which is said to provide ^haps onc- 

DhmohaS'St?^^* ^ sup^h<»phatc. The o£ fSns of 

pno^hatie fertilisers are relatively urumportajit 

as ^ *^e« of plant lifo, 

^ ^ available nitrogen and, by 

f renders the crops less liabfo to attadw 

of fungal and bi^teriai diseases. The deiWt is mostlv retaSed 
m the stem and leaves of the plant and returns to the Zil if these 
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parts arc not removed for consumption^ At the Stune tuuc, it is 
stated that potash is often deficient in light, sandy or thin soils, 
while even in rich soils there may not be sufficient to support heavy 
crops* Over 90 per cent of the w-orld's total production of 
stum salts is us^for agricultural purpose: excluding the Soviet 
Union this amounted to the equiv-alcni of some ii| tntlUon ions of 
K,0 in 193S. rising to 5 1/5 million ions in 1949- sulphate^ 

KjSO*, and the cb bride, KCb which in the relatively pure form 
contain 4S to 52 per cent and 4S to 62 per cent K, 0 , respee tivdyip 
are the chief compounds used as plant foodsi but a number of 
complex salts from the decpHScatcd, saline, evamritc deposits are 
also marketed as mined, or with but little retains; their value 
depending on the amount of thebxidej K jO> which they contain* 

Fertilizers are marketed singly ocp more ofteni as mixed plant 
foods containing two, or all three, of the essential elements in stated 
proportions, usually in the form of granules, and when desirable 
fortified with traces of elements such as boron^ copper, cobalt, 
manganese and zinc, which in recent years have been found 
advantageous to healthy plant life* In the United States of 
America, most of the superphosphate used in mixed fertilizers is 
treated with either anhydrous ammoma, or strong ammonia 
solutions Containing ammonium nitrate or urea* Anhydrous 
ammonia is increasingly used in the same countiy for direct appli¬ 
cation to the land, especially on the larger cotton estates. 

In the compilation of these introductory remarks some mform- 
ation has been derived fiom the Report of the Gommonwealth 
Economic Committfsc on The Trade in Fertilizers (1950)- 


SALTPETRE (POTASSIUM NITRATE) 

Many years ago, and for quite a lengthy penod of tunej India 
possessed a virtual monopoly of the world^s supply of nitrates, which 
arc essential for the tnanufocturc of explosives and are at the same 
time invaluable as agricultural fertilizers* As the natural nitrates 
are soluble in water, they arc only to be found in large quantities 
under very exceptional drcunistanccs, and India was displaced 
from her leading position by the exploLtation of the vast deposits 
of sodium nitrate (ChUe Saltpetre) occurring m the rainless deserts 
of Chile. Thoe> in their tum^ have had to meet the competition 
of nitrogcii in the form of ammonium sulphate obtained as a product 
of the carbonization of coal and also of synthetic nitrogen-bcaiiiig 
compounds made from aimosphcrlc nitrogen. 

Potassium rtitrate* KNO3, is formed wherever organic, nitro¬ 
genous substances decay in contact with potassium salts, the 
reaction being broughc about by nitrifying bacieria^ thus in 
temperate climates it can be found In the lime and plaster of old 
buildings, paiticiilaTly near the g^imd where sewage effluents 
have percolated. The scxalkd. * plantations * of some parts 
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of Europe in ihc last century took advantage of the natural 
processes: large hea^ of manure and animal xeluse, interlaid with 
brushwood^ were built up, covered with wood ashesp old lime and 
aimilar rubbish of an alkaline nature, turned over occasionally 
and then allowed to fennent for two or three years when the hcapsp 
On Ibdviatlon with water, gave solutions which on treatment with 
potash yielded saltpetre. 

In some parts of the pLaim of India and of Pakistan conditiofu 
Arc favourable for the formation of laltpetrep particularly where 
there is a dense popu^don using w’ood and cow-dung as fiiclp and 
existing under clique conditions in which atmospheric tempera' 
tures and humidity favour the grow'th of the essential micro- 
orgam^ms about the villages. In such situations cfflorescencca 
contatrung saltpetre grew on the surfaces of walls^ refuse heaps^ 
the Sites of descru^ villages and the environs of existing ones. 
After ^IIkUod their treatment consbts of lixiiiation, evaporattonr 
the addition of wood ashes to decompose the calcium nitrate 
pres^^lj and^ fractional erystalliaadon. The crude saltpetre so 
obtained varies greatly in composidon and is usual)v refined before 
export. 

At One time the Gangedc districts of Bihar produced as much 
^ 20,000 tons of saitpetre annually from the Muzaffarpurp Saran, 
Chanmaran, Darbhanga^ Shahabad, Gaya and Monghyr districts, 
but the industry has declined and now averages annually only 
ii 7 H tons of the refined tilErate;p though in 1949 production rose to 
61O47 tons, valued at ^31,54,792, In Uttar nadesh the chief 
producing centres are in the ICimpur, Ghasipur^ Allahabad and 
Batiaras districts, where output remained fairly steady at 2,030 
tons per aimuin over the dct^ide ending 1944- P^jab. saltpetre 
comes from the Lahore^ liissar, Multan and Amritsar distiicis and 
wth a fairly large inimbcr of refineries at Hissar, Hami and other 
places '^dy headed the list with an average of 5 j 333 tons per 
^um for the decade ending 1944, It is also collected in Patiala, 
Jhmd and Nabha of the Patiala & East Punjab States Union. The 
i^ufacture ofcnidesalipetretvas once widespread in the south, espe- 
x!r j Anantapur, Coimbatore, Guntur, Kumool, 

. and NelJore, but today it only forms a part-time occni’- 
pa tion of the poorer membera of the Uppltar class and is prac tically 
TOnnned to me Coimbatore and hladurai districts, where output 
has become iiisigmficant+ In much the same way it has died out 
m the Ahm^bi^ dUtritt of Bombay. Saltpetre is imported into 
India from N^I ^ u made on a small scale by the Kachins of 
the Burmakina frontier regions who use it in the manufacture 
o gimpowd^, CJrude nitra^bearuig earths are known to occur 
in the Bujthti territory of B^uehisian. and such maieirials are 
fields id parts of Bihar and in the Doabs 
Twenty yean ago the tea gardens of Assam consumed 
M of Indian saltpetre every year, but this baa fallen 
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a^vuy to a^boiiC aop tons aiinuAlIy for the period 1944-6* owing to 
the more extended use of Imports fertilizers of the saime type- 

The manufaciure of saltpetre in the old days was a monopoly 
of the East India Ck^mpany, and the average annual exports during 
the years [791 to 1805 amounted to approximately 80,000 tons. 
For the 1876 to 1S80, the average had fallen to some ai*QOO 

tons, and It declined slid further to 19,5,00 tons at the end of the 
cenmry. The indusUy med 10 it:sportd to the stimiilua of war 
period* and it is intcrestmg to note that it reached lU zenith at the 
time of the American Civil War* when the value of the exports 
ranged beriveen £600,000 and £900*000 per annum. In the 
quinquennium before the first world war* the avo^e annual 
exports had sunk to 16,440 tons* but the cx;^tcd revival occurred 
and the next period of the same len^ wiinesst^ an increase to 
21,1740 tons. It was fodowed by a rapid and continued slump, and 
for the fiw years ending 1933 exports averaged only 6,467 tora. 
Over the next quinquennium, end mg tqs®* they increased again 
Id an annual average of 8, 1 83 tons, bu i thertsafier, for the first t Lme 
in its long history* ibe industry' displayed no favourable reaction 
to war’s demands* and exports fell to an average of 6,9^7 tons 
during 1939-43* and dropped to an all-time low record over the 
five years ending 1948* with an average of but 734 tons. 

Production figures* meb as they are, and they have not always 
proved reliable* indicate an annual intemaJ surplus of about 3*000 
toniH over the decade ending 1943. It only be hoped that the 
low export figures for the quinquennium piding 1948 indicate 
that at long l^t the value of potassium nitrate in Indians own 
economy has been realized* and that the incomUteiK^ of exporting 
horne-made potassium nitrate* white at the same tune importing 
thousands of tons of other pot^ium salts from abroad* will soon 
be ended* for neither India nor Pakistan can afrbrd to^ part with 
their potossjc or nitrogenous ferdli2t:is. The production figures 
for 1948 and 1949, which totalled 9*019 tons, valued at Rs 43,86414, 
compared with the total exports from India over the same period^ 
amounting to 51 loiis, valued at Rs 89*164, seem to show that this 
is indeed the case# 

The total exports of saltpetre bctw«ii the years 1897 and 1948 
were 609*190 tons of a rLdiuinal value or£i J ,077x984. The details 
given in the table on p. 471 show the destinations to which it 
was shipped together with their variations in quantities and time 
over this period# Following the division of India on 15 August 
[947* some* though not aU* of the producing areas of the Punjab 
pas^ into Pakistan* where during the years 1948 and 1949 a total 
of 7,669 tons %vas produced. 

OTHER POTASSIUM SALTS 

Potassium-bearing minerals discovered in the Mayo Mines of 
the Salt Range by H. Worth* in 1873* were on examination by 
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G, Tschennalt and F+ R, Mallet proved to consist of iruxturca of 
common salt and rnagiicsitim sulphatcj or LicscritC; 
with sylvite, potaissium chloride, KCJ, and Lwgbcimte, a double 
sulphate of potassium and magnesium, K|S0|*aMgS04. Sylvite 
is an important member of a group of nimerab occurring in the 
great residual saline deposits of Germany, France^ Spain, Foland^ 
the Soviet Union and the United States of America; langbcinite 
also ocenra in some of them and is of commercial importance both 
in the United States and in Poland, Both minerals are typical 
members of the evaponte group, formed by the dedecation of 
shallow aims of the sea^ or of desert lakes, in earlier geological 
times. Their coEmnoner associated include camallite, a h^'drated 
chloride of potassium and mamesiurn^ KGLMgCl,.6HjO; 
kainite, hydrated potassium chloride with magnesium sulphate, 
KCLMgSOj.jHjOg and polyhalite, a hydrated sulphate of 

potassium, magnesium and calcium, K*SOi,Mi?SO*.5iGaSOj. 
aH, 0 . X * 1 1 

Warth'a t^overy, though it only amounted to about half a 
ton of the mixture, led to the suspicion that larger, economicalLy 
important occurrences of such mineral might exist in asscx:iadDn 
with the rock-salt deposits of the Salt Range, but this not 
prot^ed to be the case, at least in so far as inveatigations have been 
carried to the pre^nt time. In 1913, W* A. K. Christie found 
az Separate places in the Mayo Mines alone, in which potassium^ 
bearing minerals occurred. Many of these were too small to be of 
any commercial value, while others revealed the odstence of three 
dbdnct seams which appeared to thin out when followed upwards. 
The amount of potash, calculated as KjO, in the visible portion 
of the uppermost seam was estimated at 3,000 tons, while the 
percentage of potash in the average samples taken varied from 
€*■9 to t4'4^ Another bed about 6 feet thick was fbund in the 
Nnipur mine, and it contained t3-6 per cent KjO. In addition 
to the ^ minerals already mentioned, the presence of kaini tc was 
recognized at this time. Small-scale operations at Murpur 
resulted in the exaction of 1268 tons of potash between igzS 
and zg^o, but they were abandoned in 1951+ 

Another ins^tigadon was conducted by Murray Stuart in 
* 9 * 5 "J 7 r including both the Punjab Salt Range occurrences and 
those of Kohat. He found two distinct seams at the Niirpur mine 
but added, * not only do the potash bands vary abruptly in thickness 
and direcdon, but they vary tliroughout their length in the pet- 
outage of potassium in them ** Potash was also found in three 
chambers of the Warcha mine, but these deposits were not regarded 
^promising. Snmrt's condusions were summarized as follows; 

tin the whole the evidence collected during my Lnvesiigadons 
poui^ to ^ condiision that no continuous bed of potash will be 
toimd tn the Range or in Kohat. The salt is a foliated rock 
and the potash salts occur in discontinuous lendcles and irregular 


potassium 9ALTI 473 

foliae, ^Vherc the foliation is of the onture of banding;, bandj of 
potash may persist for same liide distance, but even then they will 
probably thicken and thin throughout dieir length. The pros* 
pects of obtaining potash in the Salt Range are not therefore 

E romistng, and it is not likeLy to be worked profitably except as a 
y^product of salt mining.' At the same time it should not be 
overlooked that the researches of both these observcf 3 , the first a 
chemist and the second a geologist, were restricted to mines afHcially 
developed by a Government Department, with the sole object of a 
profitable reeo\'ery of marketable rock salt. The mining engineers 
responsible for the operations ' have therefore % wrote Christiei 
* naturally altered the direction of their working on strxkipg a 
scam of marl or nupurc salt of any considerable thlckRess and 
before the underlying Strata were exposed. Most of the occurrences 
of potassium salts are overlaid by marl scams^ and the exposures^ 
consequentlyj are neither fretlucrtt nor easily followed out In 
Cict, until the whole of the Sait Marl with Its associated beds of 
gypsum and rock salt has been systematically examined by core 
boring, with all the necessary precautions that the recovery of 
soluble minerals entaibp it is premature to dismiss the possibility 
of the Qccurrcnec of potassium minerals in profitable quantities 
either In the Salt Range or elsewhcrc. 

Tn some parts of die world, potassium salts arc recovered from 
lake brines, as in Cnilfornia where they are by-products of borax 
and magnoiura chloride manufaciure^ or, again, from the saline 
lakes of Utah, in the United States of AmeTica. In Palestine they 
are won from dte w^aten of the Dead Sea. Somewhat analogous 

K oecsses arc in operation on a small scale in Indta^ for the Pioneer 
agnesin Works Ltd market a product containing 70 per cent of 
potassium chloride, recovered as a by-product of the manufacture 
of magnesium chloride from the brines of wells at Kharagfioda and 
Himatnagar, on the Ronn of Kutch, while Tata Chemicals Ltd 
market potassium chloride obtained from the residues of sea brines 
at Mithapur in the Bombay enclave in Saurashtra. The former 
concern commenced production in the period 1940-t and in the 
ensuing 10 years 1,671 tons had been made. 

Indian imports of potassium salts for fertlllKtrSj mainly in the 
form of the chloridci averaged 5, iiG tons per annum, over the 
decade ending 193S: over the decade ending 194B the annual 
average had Mien to i,5ii0 tons, but by 1949 it had risen again 
to the neighbourhood of 5,000 tons. 

In addition to their uses as fertillzm, and plant life cannot 
exist without them, potassium salts find many other applications^ 
The metal itself is not made on any ractensive scale since for most 
purposes metallic sodium, w^hicb it resembles very closely, can be 
equally well employed. The hydroxide, caustic potash, is a useful 
drying agent and absorbent for such gaaes u carbon dioxide and 
sulphur dioxide; it ii a vety^strong base employed in ihe manufacture 
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of soft s^p an<l aa the electrolyte in the nickel-iron storaire 
battOT, the chlondc Suds its chief outlet as a fertilizer; the bromide 
in photographic prcMratiop and in medicine; the iodide in the 
ways m volu-meirLc chcmic^ anaipis. The chitf use of 
^e nitrate is in the man^actun: of gunpowder and fireworks in 
the preservation of meat, in the curing of tobacco and in drugs': of 
j- k aplosiv^ matches and pharmacy; the chromate 

Md dichroma^ m tanning and dyeing; the rcrTic>'anide in blue- 
^ni^pcr; the peem^ganate in antiseptics and the evanide in 

and the better 

qu^ities of glass for crystal ware, electric li^t bulbs, X-ray” bo 

rnOSPHATES 

It hv been known for many years that laterite soits esoeeisillv 

tfi^rWof Burma, which have been devoted 
cult^tion for generations, are particularly deficient in 
phosphorus. It IS also common knowledge that b^e aSSSrio^ 
of sup^hosphate alone the productivity of such »i£ can be 
-^K * combination of super- 

1 ooo lb of wheat and ^ o Ik conopar(!:d with about 

million acres and India 306 milfion, with a "1 

application of manpower, ?he former ^ 

greater, over i« milUon tom of ferriiSs J 
q uarter of a miTlion tons used by India ® 

of mineral fertiUzers remain umSorkS andii^ilS, the basis 

Mi anq unmrmsc quantici^ of 
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phosphates and other reniiizcra in dlffetent forms are c^^rted 
every year/ In 1953 tile final report of the India Soil Survey 
Scheme was published by the Indian Council of Agricultural 
Research. It contains a chapter entitled ‘ Soils in Relation to 
Crops' which reveals how widopread and serious the general 
shortage of plant nu trients really is- Thus die soils of West Bengal, 
Bihar, Oriaa and Madras are described as deficient in both nitrogen 
and pho^horus. The alluvial soils of the Indo-Gangetic plain, 
which with tht»c of coastal areas of the South, including the 
deltaic tracts, comprise the most important agricuJtural lands of 
the Country, arc seated to be * deficient in phosphoric acid, nitrogen 
and humus but not pncrally in potash and limeThe nspomc 
of crops of many kinds in all these and other regions to the scientific 
application of suitable fcnilizcrs, as described in this valuable 
report, has been both impressive and remunerative. 

Apatite ia the primary source of phosphorus in the soil and it is 
a very widely spread mineral wUch occun in small quantities in 
rocks of all tyM and ages, but is commonest in the igneous rocks 
which generally contain about 6 pans per thousand, representing 
about o- ( per cent of phosphorus. Apadte is a phespLate of 
calcium which also contains chlorine or fluorine, or both these 
elements: two compounds are really included in the species, the 
first being fluor'apatite, 3Ca,P30j,,CaF, and the second chlor- 
apatite 3CafPjO^.GaCl| and they both contain when pure 
about 4.1 or 4s per cent of PjOj. Altered in the processes of 
weathering and eventually diswlvcd by carbonated water, some 
of the ph^horic acid thus removed is carried by rivers to the sea, 
where it Is largely removed by* small living oiganbms, themselves 
the food of larger creatures which arc eaten in their turn by fish, 
in tvhose bodies the phosphorus becomes concentrated. The fish 
are devoured by gluttonous sea-birds whose droppings constitute 
guant^ which in rainy climates may convert underlying coral tedS 
and limcstonEs into valuable deposits of phosphate rock. Another 
ponton of the original phosphorus is retained by the soil, to be 
^tracted in the course of time by plants, and from thcTn it passes 
into the bones of land animals. Af»atite is sometimes concentrated 
into deposits of economic importance such as those now to be 
described. 

I n the schists of a zone of councry’ in the Ohalbhum subdivision 
of Singhbhmn, extending over a dUtance of about 40 miles from 
the eastern border of Seraikela to Khejurdari and thence into 
Mayurfahatij, veins and Ici^ of apatite have been found. The 
puncral is usually finc-gramed and magnetite is associated with 
it in places, as well as biotite, quartz and chlorite in varying 
quantities. The veins themselves arc associated with, and strike 
porulleL to the copper lodes of the same region; indeed, those best 
able to judge, such as M. S. Krishnan and J. A. Dunn, regard 
both as liquations from the soda^graniie magma which ascended 
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along the ovcrihnist zone of this part of SinghbhuJEn. The deposits 
fkll naturally Into three weU-markcd sectloDa^ the best being from 
the Seraikela border to Chandar Bum and especially round Nandup. 
It also has the advantage of lying nearest to a railway. Mining 
.was carried on for several years in this Nandup area by 
Murray^ and for the period 1924-8^ I4J<» lOna of apatite were 
extracted. The largest ^oup of veinSj to the north'west of Chandar 
Buruj exhibits at one point a width of 60 feet of apatite with schist 
p^ings. Another vein at the southern foot of the hilh with a 
width of up to 10 fcctj had been worked over a length of 300 yards. 
The second section is located around Pathargliara, and between 
this place and Khariatola there are se^'^eral veins 10 to 20 feet thicks 
none of whichj however^ exceeds 200 feet in length. The material 
here is unusually high in magnetite and the area was leased at 
one time lo the ^ngai Iron and Steel Co. Ltd as a source of phos^ 
phoric iron ore. The third and southern section stretches from 
BadLi, through Kanyaluka, to Simgri and Khejurdari, where the 
Great Indian Phosphate Co. Ltd worked during the (914-18 war. 
Some of the veins are well developed but are not so persistent as at 
Nandup. At Sungri in particular^ howc%'erj they contain high- 
grade mineralf perhaps the purest of the whole regiori and composed 
of a white apatite free from magnetite and cSorite. The totaJ 
quantity of apatite rock produced from the belt from the commfaice* 
mciiit of workings in 1918, up to the end of 1938, amounted to 
about 28,000 tons* and between that year and t^^y a further 3^755 
tons were remov^. The reserves of apatite-bearing rtKk in the 
three areas concerned have been estimated as follows: Nandup, 
250^000 tons ■ Falharghara^ 250,000 tonsi Badia-Kanyaluka-Simgri, 
900,OOQ tons ^ a total of 700^000 tons down to a depth of about 
900 feet. It is surmisedj though not definitely known, that the 
veins are of lenticubr habit, but even if this should prove to be the 
case, * there is ^ in the words of Dr M, S. Krishnan, " no reason 
why there might not be similar lenses at depths of several hundred 
leet in the same mineralised zone The apatite rock as mined 
generally con^ins 90 to 25 per cent PiOg. P. L A- Narayanan has 
shown that the Nandup apatite ore is amenable to concentration 
by straight fiotatLOn and one cleaning operation. From a bulk 
sample 5**3* mcaldiim phosphate Ga^ (POJ^ (23'94 per 

cent PfOg) he made a recovery of 94-8 per cent^ containing 84-3 
per cent tricaicium phosphate. The Sungri ore also yielded 
excellent results after the electro-magnetic separation of its 
magnetite. 

Apadtc occurs as an accessory mineral ui the mica-bearLng 
^grnatites of the Hazaribagh diatrict* Bihar, and of the NeUore 
district,' Andhra j in the rocks of the Kjodurite Series of Srlkakulam 
district, Andhra; in the mica-peridodics of the Giridih and 
B^iganJ coalfields; Lti rocks associated with the manganese ore 
eposlts of Narukot, Bombay; and In certain whists of Dungarpur^ 
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Rajasthan^ Triplitc* a fluor-apatitc of irdn and mangancsd, 
occiiTS near Singarp Gaya dJstrkt, Biharp but it b unlikely tliat any 
of these occurraices vn\l provide commercia] applies of phnspharcs. 
Monazite^ the phosphate of cerium and other rare-earth metaU 
with some thorium silicate^ nonimlly contains g6 to a8 per cent 
of phosphoms pent oxide, Thb should be recoverable in 

some suitable form as a by-pr^ucLp now that the processing of 
monaztte has been commenced in India^ though the quantity so 
obtainable will not be larger 

So far we have dealt only with deposits in which the apatite 
is of igneous or of high-temperature origin, and although in almost 
all the other deposits the phosphorus occurs also in the form of 
fiuor-apatitc, or in a series of very closely related minerals derived 
from it, a sharp distinction must be drawn between the first, or 
crystalline apatites^ and the second, the amorphous rock phos¬ 
phates, described ^low. The crysi^line forms have very little 
value for direct application to the land, whereas the amorphous 
types may be slowly broken down in acid soib and their pho^honis 
content become avaiLible for plant life. Thb distinction is men¬ 
tioned here to discourage the w'cll-mcaning suggestion that 
powdered Smgbbum apatJie rock would make a suitable top 
dressing for agricultural land in Bengal and Bihar. 

In the world as a whole there are few apatite deposits of the 
crystalline type capable of supplying the mineral in workable 
quantitica, though these do include the great lenses of apatite- 
nepheline rock of the Kola Penidsulaj in northern Russia^ which 
in pre-war years yielded about ^ million Lons of the mineral 
annually^ The rock phosphates arc by far the Largest source of the 
phosphates of commerce. They may resuli firom the leaching of 
guano, the accumulated excreta of sea-birds, found in thick beds 
on oceanic islands such as Nauru, Ocean and Oiristnias Islands 
in the Pacific and Indian Oceans, or along desert coasts such as 
those of Chile and Peru. Percolating phosphoric acid from such 
materials has, m these cases, converts the underlying limestones 
into phosphate rock. More important than these, however, arc 
the beds of phosphate rock and layers of phosphatie nodnli^ which 
occur mterstratified with limcatonesp marls, sandstones and shales 
in lagunary and marine sedimentary deposits, particularly in the 
United States of America, Tunisia, French Morocco and many 
other countries. Residual deposits of high-grade phosphates are 
sometimes formed by the decomptmtion of phosphatic dobmita 
and other rocks containirtg phosphoryj. Some of the deposits of 
the rock phosphata are of vast extent; in Florida {U.S.A-), 
for instance, where they are of Tertiary age, they extend 
in a belt ^oo mdes long and ao miles broad, along the 
western side of the State, and six separate varieties of the 
rock, with phosphate conteim ranging Irora 60 to 75 per 
cent, arc won. 
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Both India and Pakistan have rcprecniadva of the rock and 
nodidt dasscs, the latter In the lar™ deposits oF Tirychirapalh, 
South Arcot and Pondichcnr>', and the former m the thin bed of 
phosphate which has been traced for over a mile near 

Mt^oone, m Uttar Pradesh. In the Jhdum district of the Punjab 
of v^t Pakutan, pho^hatic nodules occur in the shales above 
me Eocene Coal Measures, particularly amirnd Dandot in the 
Sait Range. 

In the TiruchirapalJi districi of Madras, to the north-north-cast, 
east and south-east of Uttattur. die rock Stage of 
age which bears the name of this ttnva contains irregtilarly distri¬ 
buted phosphatic nodules over an area of about 12 square miles* 
The t^umn« MW mvestjgatcd by Dr H, Warth m 1893, and 
j^ain by Dr M* S* Knshnan tn 1940; combining the results of ho^ 
these ^»cd observers, it appears that on the average there arc 30 lb. 
of nt^uls per 100 cubic feet of strata, giving a total reserve of 
over a raiiljon tons to a depth ofaoo feet. Dr KrUhnan, however, 
ramiden it doubtful if more than 3 million ions are recoverable 
e^nonucally, though no defimte opimon is possible until the ctuu 
of large-scale operations are available. 

The phosphate dcp«iQ of South Arcot and Pondicherry occur 
m the upper part of Ariyalur Stage, in a ridge between Tutipaim 

Md Alwampattu* Tbs particular zone is several feet thidtl^d 
u part of the spread of Cretaceous rocb occupying an area of some 
33 square ^cs, and belonging entirely to the AriyaJur and Niniyur 
^es ofSen^an to Daman age* These deposits have not yet 
systematically investigated. Analyses of the Uttattur nodules 
show an av^c content of about 25 per cent P.O.* The phosn 
phorus-bearmg ^crals contained in them undoubtedly belong 

^ probably include hydroxya- 

I^ic, staffelitc, dahllite and cohophanicc. Trials of die powde^ 
n^ulo on tea and coffee plantations in south India and Ceylon 
^ve dtsa^mlmg iwulto, especially in comparison with the 
quicker-^g supc^hospl^te, though this shoSld not have been 
k and tabi ing of the power- 

on thr 0*'^ satisfactory results; 

from ^“f»^wami raised the content 

^ 30 to 36-6 per cent by tabling the calcined product. Further 
^ches are ne«ssary to render these phosphi^w: deposits useful 
2 idico-phosphate process, a, well 

^ tficalcium phosphate by deauorinating 

wor^y of considemtion, a* they elLuunate the use 
from ih/«*^rrf^K'' production of phosphatic nodules 

matelv ta ^ WM approxi- 

rt ^ ’ ttto. For the decade ending 1043, it averaged 

tom yearly, but for the quinquennium endiM 1048 this ^ 

™ovS ‘949 3 r 6 i 4 tons were 
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The Pondicherry occurrences give a ciue to the manner of ihcir 
foTTnation. for here Warth noticed in a sandv shale, 7 feet thick 
full of the casts of fossil shells, * a wholesale convenjon of sheHa 
into phosphate, or rather the production of interior casts of shells 
consisting of rich black phosphate Ughter-colouied, irregular 
phosphatic concretions and nodules are found in the sasne bed. 
TJe phosphoric acid brought into the sea by rivers is in part 
absorbed into the shelly structure of some marine organisms, and 
in p^t acts on the shells of dead organisms, converting their original 
caJenjm carbonate into phospha te of 1 ime. The farmer is the more 
soluble of the two compounds, so that on shoals and parts of the 
sea bottom exposed to currents a concentration of phosphatic 
material takes place. Organic matter, too, plays a considerable 
part in the dtwiution and rcdeposldon of phosphates mound nuclei, 
to form nodules and concretions such as those knoirn to be in the 
proecs of formation on the floor of the Andaman Sea today. After 
elevation above sea level, marine sediments containing pb^hatic 
depemts can undergo further concentration by atmospheric agencies, 
surplus calcium rarbonatc being remmed and the less soluble 
phosphates left behind in a more or less impure condition. 

Prospectors and field geolf^gists are advised that the rock 
phosphates are genericalJy known as phosphorite and that this bears 
much the same relationship to apatite that limestone does tocalcite, 
that one of its important constituents is collophanitc, ihe hvdrated 
calcium phosphate, Caa(PO,)j.HjO, which also contains small 
amounts of calcium fluoride, that collophanitc may be amorphous 
ttt^ive, concretionary or banded, white, grey, or brown and earthy! 
and that it completely lacks any physic^ properties that are really 
dia^mtic. It may greatly resemble limestone, or again, colloidal 
van etiM of silica. Kock phosphates may be of comnioncr ocew- 
rtnee m mdia, Pakistan and Burma than has hitherto been sus* 
pcctcd. They are easily overlooked and in other countries have 
ofmn remamed unnoticed for yean even by experienced geologists. 
Ihe bedded rock phosphates of central Yunnan, laid down under 
shal^w water conditions in the Cambrian period, were not located 
fay Chinese geologists imdl the period of the Sinojapanese war, 
^though they lie around Kunming, the capital city, and must 
have been os-er repeatedly by manv earlier workers. For 

H^n identification of any doubtful mineral phospliatcs in the 
acid, chciiucaL testa for phosphoms !be 

B^c Slag produced in the basic process of steel manufacture is 
another important soi^c of phosphorus for use in agriculture, the 
client being derived from the iron ore in which it was present 
on^n^ly. In Belgium, Luxembourg and Germany, owing to the 
^ghphwphonii cornet of the Alsatian iron ores, no less than two- 

(PiOs) is in the form of 

bMic slag, etc. SJ^ from the Ba,yc Bessemer process contains up 
to I a per cent PjO^, but slags fttjm the open-hearth process are 
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conjidcrably poorer in phosphonu^ somettmis ^ lc?w a3 8 per cent. 
Still lower gr^cs arc CDmuion enough, but such slags are of no 
value for s^cuJtural purpo^es^ quantities of basic slag 

^ made at Indian steel works; larger quantities still will be made 
in the futurCj but owing to the unusual purity of Indian iron ores 
the phosphoriu cotiient of tht^ particular slags is usually too low 
to create a demand for them as a source of phosphorus^ In certain 
slags, however, produced during the operation of the Duplex 
process of steel manufacture by Indian Iron and Steel Co. Ltd 
at Bumpur, the PaO^ conicnt is said lo be about S^y per cent, 
compared with only 3'6 per cent in the slags of the normal open- 
hearth process. 

Immense quantities of boites, mainly crushed or ta the form 
of meal, have been shipped from India £0 other countries, quantities 
which up to about 1928 often approached, and sometimes exceeded, 
100,000 tons annually and worth over a crore of rupm. There¬ 
after, however, as the knowledge of the value of bone meal as a 
rertili2er spread, this export trade has decreased, so that the average 
for the decade ending 1938 was about lialf this amount, roughly 
48,000 tons. Since the last world war the totals have been much 
s^ier still, aa die figures in the table on p. 4B7 demonstrate. 
Dr M. S, Krishnan, writing in 1940, stated that about 4,000 tons 
of bones were used at that time annually within the couniry for 
the nmniifaclureofsuiJerphosphate; by 1953, there were 14 factories 
10 cn^ged* with an installed capacity of 150,000 tons annually, 
but shortage of materials, and particularly of sulphuric acid, 
limited produedon m 194® aij.000 tom, and in 1949 to 47,000 

tons, made mainly from imported phosphate rock. I'he works of 
Fertilkers and Chemicals (Travancore) Ltd, at Alwaye^ have a 
capacity of lOO to 200 tons per day, dcpendJim on the availability 
of the sulphuric acid made there'froiTl^rted sulphur. The 
sujOThosphate production of this Company, using North African 
rock phosphate, was i! ,000 tons in 1949 and 6,600 tons in 1950. In 
mdustri^ processes^ bones are digested with suitable solvents such 
as benzine, ctCk, to remove fats, afEcr which they arc again digested 
wi^ water under pr^sure to remove their gelaunous cod tents. 
The Heavy Industries PaDcl, reporting in 1947, considered that, to 
the bone superphosphate industry* on a sound fbotiog in 
India, a largc^^scalc lactory is accessary wi th ^cilities for the recovery 
of glue and gelatine products at present wasted, but for which 
there is great demand both inside and outside the country. It also 
advMted the greater use of bone meal as a fertilizer, prohibition 
of the exports of bones and bone meal and the uiilization of electric 
power for the mamdacture of soluble phosphates, by a process 
atready adopted in the United States of .'Vmerica which eliminates 
the u^ of Euiphuric acid. In the meantime, imports of super- 
ph^phates, ammonium phosphate and other pho«phatic fertilizcrSp 
which totalled approximately 15 ,och? tons in 193B, had increased to 
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ag,ooo tons in 1949 and to 53,445 tons, valued at Rj 36^7,073 tn 
1950. The average annual imports and exports of fertHizen of all 
kinds, for the twenty years 1939-49, arc given in the tafaJes on p. 487, 

The world’s reserves of phosphate rock arc so great that, in the 
words of the Commonweal Bconomic Conuziittce's report, * there 
can be no reasonable expectation of their being exhausted before 
fiiithCT beds a« discovered. It has been calculated that known 
deposits of which the magnitude has been estiinatcd would last for 
Some addition there are numerous large deposits 

" known and proved " but for which no satisfactory estimates are 
yet available , At the same time, these are not reasons why the 
search for home supplies of phosphate rock should not be intensified 
in India Pakj^ and Burma, m order, if possible, to them 
indcpradeDt m importied supplies. 

The poisonous, yellow, wax-llke element phosphorus, which 
quickly takes fire on expo^ to the air. is obtained by an electro¬ 
thermal process from mixtures of calcium phosphate, sand and 
«)ke; the non-poisonous, more stable, allotroplc form known as 
* red phosphorus ’ is made oominerci^ly by heating the yellow 
variety to 340* in an inert atmosphere. Phosphorus and several 
of its compounds have many important industrial uses^. only a few 
of which can be referred to here. The chief use of the element 
itself if in match-manulactuie, cither as red phosphorus in the 
oom^idoD of the striking suriace for safety matches, or as the 
sulphide, P^Sj, in the mixture fonning the head of the ordinary 
^tch. From the element the tri- and pcnia-cblorides art 
for use in certain branches of the fine chemical industry, [ncluding 
the manufacture of saccharine, sulpha drugs, vitamins, etc. Pho^ 
phorus is also employed in the vermin-destroying pastes and In the 
bombs, tracer bullets, incendiary shdJs and smoke screens of war- 
A powerful deoxidizing agent, it is used to remove oxvaen 
from me^lic copper, by adding phosphor copper to the mol^ 

' Phosphor copper itself is made by melting copper turnbes 
and yellow phosphorus together in an inert atmosphere. T& 
phosphor hroiiMs arc another example of its utility, fonmnjr as 
they do ^me of the strongest combinations of the noad^us 
met^; thus brom«3 with less tW 0-3 per cent phosphorus and 
4 Co D per emuiencl/ suitable for springs and electrical 

contact mech^ms in situations where non-magnetic propcrdei, 
n^ience and freedom from rusting am ess^^. 

^ ““w *3 per cent, hard, 

firm, canng alloys arc obtained, widely cmployedin hcaw-duw 

^rk whm ww ^ be severe and corrosion has to be resisted. 
^ m rollmg-null turotabies, gun mountings and valv« 

of vanpm kmds. Phosphated coatings are extensively used to 

aids in the cob dmwuig of sl«l for wire, screw threads and other 
products requiring great teduction, 
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bodies of English bone china-warcp characiorized by its 
colour and great transluccncyp. con^n frotn 17 to 46 per cent 
of tncaicitiin phospbaic* Other phosphates form opactfymg 
agents for glazes, and phosphate gbssei have been prepared. As 
examples of the uses of phosphorm salts, the three sodium com¬ 
pounds of orthophosphoric acid, HjPO*. may be mentioned, and 
It IS only one of the six separate acids which the eJooicnt forms 
Norma] sodmm phosphate, Na^PO^, is a valued detergent and 
degroismg agent, entering into the composition of cleansing 
j^hing and scouring preparations j it is also used for softemng 
boiler feed waiM and in photography. Disodium hydrogen 
phosphate, Na^HPO^, is the ordinary * senium phosphate * of the 
laboratory; its uses, as enumerated by Dr Kriahimn. include 
vm^ l^eniation, che«t>making, fiieproofing compounds, 
^ical ceramic enameHs, medicine and photography, 

^lum dthydnogtn phosphace, NaH.PO*, ii a consd^ni of 
powden and sdf-raiKing Hours. Many other elements and 
acids enter into the composition of commereially importani com- 
poumls. A™on^t them are sodium ammonium hydroiTm phos¬ 
phate, Na(^^hHPO,.4HjO, well known to geologists as 
mic^omnc an J used in bead tests for metakVon heating 

compoimd forms sodium hexametaphosphate 
J.' '» a preventive^ the 

‘“bcs. feed pipes and valves. 
£ Lfr ph«pW^ the reader 

\ ^ ^ Knshmm s brochure. Important though these 

phosphorus impounds are, their mamdactnre does not call for 
quantines of the raw mme^ hx any way comparable with the 
■mounts required for the phosphattc fertilizers. 
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the nitrogtm-bearing fertilizers from which this vital 

augment the quantiUes they obtain 
^tiually, auTOomum s^pham « hy far the most impoi^t. A 

fi A^tidtunc concluded that all Indian soils 
“i mtrogen, a result largely of the ryot’s 
to utilize ^ and farmyard organic mauuies, inloiJfied 
fay the heavy rainfall ^ich removes large quantities of soluble 

of ammonium sul- 
1946, «cluding the Soviet Union and certain Bast 

^ represented 

M^y 4a ^ cent of the production of aU the ni&ogenous ferti- 
mcludmg cy^amide and the nitrates of calcium, sodium 

symthetieaUy from 
nttrogen, but large amounts were also recovemd as 

of coal in coke ovens and gas 
retorts, the ammoma m the gases being removed by sulphuric acid. 
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Until recently this was the only pn>ca 3 opcmlng in India. The 
first by-product recovery ovens wore sorted at the East Endian 
Railway Go.V coHicry on the Giridih coalfield in 1909^ and at that 
time the annual production of ammoruum sulphate amounted 
to about 400 tons per annum. Further instaJlaiJons followed as 
time went on while output expanded as indicated in the table on 
p. 4S6. Over the 13 years 1934 to t946| out of a total make of 
“54^035 tons Bihar was responsible for 179,270 tons^ or 70*5 per 
cent^ and of this the Tata Iron and Steel Co. produced 85 *5 per 
centp the Bararcc Coke Co. 8-5 per cent, the Burrakcr Goal Co* 
7 per cent and the State Railways at Giridih a per cent. The 
remainder of the total came from the Indian Iron and Steel Co., 
in Bengali As far as this source of ammonium sulphate ts con- 
cemedj the average annual production for the five years ending 
1950 was 19^002 tons^ compai^ with a pre-war average of 151508 
tons. The carbonkation of coal, however^ no longer represents 
Indians sole source of this fertilizer^ for a synthetic product made 
at chemical ^vorks in Mysore and Travancore contributed an 
annual average of an additionai 24,784 tons m 1948, 1949 and 1950* 
In the early days, to her own great loss, Endian sulphate of 
ammonia went to enrich the fields and piantatioiis of Java^ Ceylon^ 
Mauritius and Japan, but at the present time aeports arc ni!gligiblc 
and imports have increased greatly^ for this chenucal is the principal 
artificial fertilker used in India and is the only one employed to 
any extent in Pakistan* Before the last war^ imports of ammonimn 
sulphate averaged 52,000 tons per annum, rising steeply from 
37,000 tons to 73,000 tons between 1934 and 1938, In 
122,000 lom came into the country, followed by 142,000 tons in 
1948. Sodium nitrate, of which 3,000 tons were imporicd in 
1938, had risen to 34^000 tons in 1949, and other nitrogenous com* 
pounds from about i ,000 tons to S,ooo tons in the same period* It 
h^ been officially estimated that Indians requlrtiaents of fertilizer 
nitrogen In 194B-9 were of the order of 75,000 tons, while actual 
figures for 19^ sugg^t a total consumption of 40,000 to 50,000 
tons; expressed as ammonium sulphate alone these tonnage 
represent approxi^teJy 3fi4,DW> and 194,000 to 243,000 tons, 
resp^vdyp Durii^ t949 special arrangements were made for 
the importation of about 400,000 tons of ammonium sulphatie for 
delivery during the two years 1949 and 1950, to meet the require 
ments of the Grow More Food campaign. The average imports 
of ammoniuni sulphate into India in the four years 1946^ were 
about 75 per cent higher than before the Avar, and in 1048, at 
about three-quarters of the aggregate value of imported fertiliim 
of^l km<h, ammonium sulphate accounted for the same proportion 
as it did in 193&; sodium nitrate rose to second place with 12 per 
cent, and the nitrpgen group as a whole accounted for 90 per cent- 
In 1943 the Foodgrains Policy Committee estimated that 
undivided India would require at least two miiiioti tons of artifickl 
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fcrtilism a year and rccommendicd diatj as a first stcp^ actinn ihoiilcl 
be taken to establish production of nicrogenous fertilisers at the 
rate of 350*000 ions a year. The. Gos-'emment of India then 
decided to erect at Sindri. In Bihar* a factory capable of producing 
this amount of ammomum sulphaECi Construction commenced 
in June 1^46* on a site occupying about 8 square miles, on the nortk 
baj^ of die Damodar river, 14 miles downstream from Dhanbad* 
ia Maubhumj and the wor^, completed at a cost of Rs 33 emres;, 
went into production on 31 October 1951^ Essential features of 
the works according Eo an account in the Jomnsl of Scuidiju and 
Industrial R^searchj VoL V* 1951* are a gas plant with 8 generadng 
sets designed to produce 33 mil lion cubic feet of water-gas per day 
by blowing air and steam over hot coke^ This gas has the Joltowing 
compoation: hydrogen 34*151 carbon monoxide 36^0^ carbon 
dioxide 7*42, nitrogen 5 t- 55 i methane 0*75, hydrogen sulphide 
0^03 per centj after the removal of sulphur and tarry impurities 
by waging with cold^ dilute soda ash solution^ the carbon mon<mde 
is reacted wi th steam, in the presence of a catalyst at high tempera- 
nires, to give hydrogen and carbon dioxide. The resultant gas 
as sent to the ammonia plant has the following compaction! 
hydrogen 49-65, carbon monoxide 4-00, oarban dioxide 29-30, 
nitrogen 16*48, methane 0-57 per cent The ammonia plant* 
with a rated capacity of 280 tons per day^ oj^rates a mo^fied 
Haber-Bosch process. The gases are compressed in six stagi^ 
in the course of which their unwanted consbtuents and impurities 
arc removed, the residual carbon monoxide by ammoniacaJ copper 
formate, the final outlet gas being a mixture of practically pure 
nitrogen and hydrogen in the ratio of 113* There arc 4 independent 
circulating units in the synthesis plant, compressors, filters* con¬ 
densers and cold-exchangers as wdl as the convertors with their 
charge of catalyst and watcr.<oolcd condensers. The catalyst 
is maintained at a temperature of 500 to 550"^ G. by heat-exchange, 
and a conversion rate of 14 per cent is expected; after separation 
of the ammonia so formed, the unconverted gases are recycled back 
into the system along with the make-up gas from the compression 
section. In the ammonium sulphate plant, gypsum fi™ the 
quarries of Rajasthan is ground to f!20-mcsh and then mixed with 
carbonated anunonia liquor in a series of reaction vessels, heated 
by st^m coils and agitated by mechanical stirrers* From the 
nf the reaction vessels the contents are pumped to rotary vacuum 
Hters, where the calcium carbonate is removed, and the mother 
hquor dispatched to the evaporators where the crystalline sulphate 
is made. 

Two companies made ammonium sulphate synthetically* on a 
small scale, before the inauguration of the giant plant at SindrL 
Indeed the Mysore Chemicals and Fertilizers Ltd, with its works at 
Belagula, commenced the production of synthetic ammonia in 
1940, obtaining the necessary hydrogen by an electrolytic process- 
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Befwcxti ig4T and 1950 (mc 1 usive}p 25,096 taru of anrnioiiiiim 
aulphatc been madep as^ well sti a quantity of 99-95 ammonia 
of ft-&igeratiaa grade. Thia^conecm abo manufkctures sulphuric 
acid and aupcrpho^hate. FertilLzcra and Chemicals^ TravancorCp 
Ltd has an ammonium sulphate plant at Alwaye with a capacity of 
150 short tons per day, and made an average of 27,210 tons per 
annum in 19^9 and 1950. Half of this amount was obtained by 
the direct interaction of ammonia with sulphuric acid and the 
remainder by the gypsi^ process, the Latter mineral coming from 
mines at Ariyalnr, in Timchirapaili. This concern uses the Boach 
process for the manufacture of hydrogen* by passing water-gas and 
steam over a catalyst heated to about 4^0* to 500* G; the cataly^ 
often used for this purpose being ferric oaide wim a trace of chromic 
oxide^ 

The current demand for ammouium sulphate in India is m 
the neighbourhood of 400,000 tons annually but it is «pectcd lo 
increase rapidly in the next few years and it is stated that ihc 
SLndri factory has been planned in such a way that the out-turn 
can be doubled by the ins tallatiDn of additional equipment. Alter¬ 
natively, the works can be expanded to manufacture nitric acid, 
ammonium nitrate or nicro-chalk fertilisers. The Lnstailatlon of a 
catalyst-making plant is under consideration,^ together with others 
to manulacturc urea and mcthanol^formaldchyde. The goo tons 
of calcium carbonate produced daily as a by-product wiH, it is 
anticipated, be turned into cement locally. 

The construction of two new factories near Sindri was expected 
to commence^ in 1953. In the first of these the mantifaciurc of 
ammonium nitrate and urea will be undertaken. The second will 
be devoted to the preparation of methanol (methyl alcohol) ^ the 
plant for which has already been acquired- 

BuLphatc of ammonia is the only chemical fertiliser employed 
to any extent in P^istan* though its consumption in the past has 
been very low* Consumption rose from less than 2*000 tons in 
1947^ to about 20*000 tons in 1949-50* and was expected to reach 
^0,000 tons in [^50-1. ^ Until the high cost of the imported material 
m Karachi, or in Chittagong* is overcome by local manufacture, 
it is unlikely that consumptiqn will be raised to the level required 
by the plans for the increas^ agricultural production of the country. 
TTic necessary raw materials for the manufacture of ammonium 
sulphate are available in Pakistan* and the Govemment, it is stated* 
are considering a scheme for the establishment of a factory with a 
capact^ of 50,000 tons per annum in West Pakistan. 

Quite apart from its use in the manufacture of ammoniunt 
sulphate and other fertilizers, ammonia is consumed on a large 
scale in many other processes, some of which are briefly indicated 
as follows: its oxidation into nitric acid* an Indiapensable material 
in the c^losives, dye and chemical indiis try generally; its combi* 
nation with carbon dioxide to form urca^ CO(NH^,, itself a potent 
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fertilizer with 46 per cent of nitrogen, suid^ fiirthcnnore, when 
combined with Toruialdehydc, the source of the ^inoplasttcs used 
in lacquert and dopes for ftnishing Tnolor vehicles, aJreraJl; :^d 
furniture, in adhesives for pl]r^oods and Ui coatings for noU'Creasing 
&brics; its reactions with carbon dioxide and brine to form soda 
ash, Na^COj^ by the ammoma-soda or Soivay process; its action 
on sodium to form sodamidc, NaNHj, an intermediate product in 
the manulacturc of sodium cyanide, NaCn^ for the extrackion of 
gold from its ortSp for electroplating baths and for the preparation 
of hydn>cyanic acid, HCN, used to fumigate i^arehouses and ships 
infested with rats and other vermin* and as a spray for fruit crops. 
Anhydrous ammonia is a refirigeratiiig agent in machines for making 
ice and for mamtaining low temperatures in cold stores* etc,; it is 
utilized in the annealing of metals and in the nitriding process by 
which hard surfaces are imparted to wrought iron, mild and special 
steels. It has many other applications, including the manufacture 
of some types of artifklal siU^ synthetic rubber and leather, high- 
octane faUs, industrial alcohoi^ degr&sing and cleansing agents 
and various pharmaceutical compounds, Anuitonium nitrate is 
an ingre^mt of many explosives used m mining, including gome 
of the ' permitted * varieties for use in coal mines. Lead azide, 
PbN„ an mgredlent of pereussion-cap compoutions and a deionat- 
tug agent for high explosives, is manufactured from ammonia as 
a starting-point. Mixture of ammonium nitrate and calcium 
carbonate form the group of fertilizeis known as ^ nitrochalh 
Solutions of ammoniiim chloride form the electrolytes of LecLaneb^ 
cells and are constituents of soldering and tiniiing fluids* while 
rinc-ammoniiiin chloride duxes are utilized in galvanizing steel 
wire and sheet-metal articles. 
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CHAPTER XIII 

MINERALS USED IN INDUSTRY GENERALLY 


SULPHUR 


the ycUow solid which biinu in air with a blue flame, 
pnitting ehe^g of sulphur dioxide, b one of the most 

impoitant mJnei^s ia modens civilization. Its annual consump* 
tion in the world as a whole now amounts to 5 or 6 million tons, 
most of which comes from deposits in the United States of America. 
As thM a« now unable to meet all the demands made upon them, 
mpplits are distributed at present by the allocauons of the Sulphur 
Committee of the Inte^uonal Materials Conference. 

The element itself is an ingrcdieiit of gunpowder and of various 
fungicides, insecticides and fumigants; amangat many other appll- 
rations is its use in the vulcanization of rubber and in the m^- 
^ture of enamels, dyes, ul tramarine and special cements. Carbon 
disulphide, made by passing sulphur vapour over red-hot coke or 
Charcoal, is a valued industrial solvent and an essential material 
m the manufacture of viscose rayon. 

Sulphur dioxide U the source of sulphuric acid but large 
quantities are also consumed in the manufacture of paper and 
particularly of newsprint, by the bisulphite proc«s. It b uid in 
su^ making, as a bleaching agent for straw, silk, wool and delicate 
abnes generally, m refrigeration, in the pieparaiion of many 
li^tuiu and chemicals, and in the liquified state as an industrial 
solvent. 


A re^t has recalled the observation of the German 

chemist Von Liebig, made over one hundred years ago, that' it is 
no exaggeration to say we may fairly judge of the commercial 
prosperity of a country &tim the amount of sulphuric acid it 
cons^es , with the remark that Von Liebig's touchstone abo 
applies now. Indeed, sulphuric acid b an indbpensable material, 
tor there are fjnv industrial pmccsses in which it is not used for some 
pmpow or other. It is essentia! for the manufacture of fertilizere, 
plosives. ™y products, various drugsand fine chemicals, 

variety of plastics, aliinu, paints and pigments, other etc,* 

e s ^ l^arge quantities arc consuiiird in petrokum and coaJ-tar 
_ fixation of ammonia* m bleaching and dy-eiAg 

peratjoirks^ m the matiufacttirc of ^ulpHatcSj in Eil^'anizinir* tinuinjsr 
and enamellmg imn and st«I, in reLing cop^^md^Ser ^ 
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ferrous nmaiSf hi atorag? ba.ticrica and for a mulcipLicity of other 
purposes^ More aulphudc acid la coiiaiiin-cd in the United States 
of America than in any other country^ and, acicordiiig to data issued 
fay its Bureau of Mlncs^ of the g,ogo,doo short tons used in 1944, 
per «nt went into the manuCicture of fcrtilirers, 26^7 per 
cent into milJt^^ explosives and chcmicab^ it- 3 per cent into 
petroleum refiningj 6-8 per cent into coal-tar pt^ucts,, 6^2 per 
cent into the iron and steel indusUy, 3^ 7 per cent for other metallur¬ 
gical purposes, 5-8 per cent into paints and pigments^ 5 ^ o per cent 
into rayon and cellulose him, i ■ 3 per cent into industri^ explosives> 
o-S per cent into the textile industry and 3*7 per cent into nuscel- 
lancous uses. In 1949, the gross production of too per cent 
Sulphuric acid was nearly 11 ^50,000 short tonsj compared with 
about 4,800^000 short tons in 1939. The principal increase in 
CDusiimpiion in recent years have been for fertilisers^ chemicals^ 
rayon^ ccLiulosCp paints and pigments. 

Sulphur was formerly produced on a small scale in India, 
Pakistan and Burma, from meagre deposits in the neighbourhood 
of hot spriug^p often situated in very isolated regions, or by the 
controUra roasting ofjpyriteSp but later requiiements were met by 
imports from Sicily, Japan and the United States, which in the 
seventies of the last century had already reached over 1,000 tons 
per annum. 

E. W. Vredenburg, in 1891, noticed the occurrence of sulphur 
on K-oh-i-Sultan, an extinct volcano in the Ghagai district of Balu« 
chistan, where an Afghan family had been extracting it for genera¬ 
tions previously. The cessation of imports during World War II 
led to its exploration by E* R* Gee and others. The sulphur is 
found in three main areas, Batal, Miri and Narwar, at elevations of 
5,200 to 6*000 feet above sea level on the southern half of the 
mountain, 20 to 35 miles from the Baluchistan-East Persia railway, 
in an abnost rainli^ region in which no fresh water exists. It fills 
pores, cracks and fissures in the volcanic rocks near the surface and, 
with the sulphates of aluminium, iron and calcium* impregnates 
certain clays, themselves the resulc of the soifataiic action of volcanic 
gases on the ash beds and agglomeiatcs of the eruptions. The 
occujTcnoes are very erratic in distribution, composition and sire, 
the largest being in the form of inegular Icndcies over joo feet 
long and 20 feet thick. Reserves of 50^000 tons of rock containing 
over 50 per cent, and of 36,000 tons with 30 to 50 per cent of 
sulphur, were proved to fae available by quarrying, but after the 
removal of 17,000 tons of ore to the railhead at Nok Kundi, opera¬ 
tions were suspended early in 1945. 

Sulphur deposits also occur at Sannl, in the Kachhi district of 
Baluchistan* and were at one time mined under the orders of the 
Amirs of Afghamstan. The wrorkings were visited by Captain 
Huttou in 1S46, but they wtre abandoned in the seventies after 
being partly destroyed by fire. The old adits w'crc opened up by 
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dc K Cotter in 1918* and he estimated that 36*000 tons of orej 
containing 10^000 tons of sulphur^ were available^ Later work m 
194a and 1943, by M. Haque and C* R. Gihson^ repealed ihe 
presence of an ore bed occupying the base of a small semi-dome, 
interstratihed with soft sandstones and gypsiferous shales of 
OUgoecne agc< This contains three separate seams* with a total 
thickness of 10 feet, averaging 44 per cent of sulphur. The reserves 
of ore have been cstimaicd at 336pOOO tons. 

Sulphur whidi prohably owes its origin to bio-chemical pro- 
cesss occ^ here and there in tlue form of small yellow grains 
impregnating silt, to a depth of a feet* in an area of 25 to 30 acres, 
near Kona, in the coastal tniet of the Krishna district, 7 mili^ from 
Masulipatatn, Andhra. Th«e sulphur-bearing silts are quite 
patchy and rarely more than a fe^v feet across, and their sulphur 
content varies widely between about 2 and 45 per cent. Similar 
occurrences have long been known from the dried beds of tidal 
swamps, betw'Ccn the mouths of the Godavari, not far from the sea 
coasc, hut though of some scieotihe interest, such deposits are of no 
economic importance. 

Small quantities of the element exist on the dying volcano of 
Barren Isl^d, in the Bay of Bragal, but it Is extremely doubtful If 
this or any other of the recordra occurrences of natural sulphur 
dther in India or Pakistan is worth working. 

The first step in the manufacture of sulphuric acid firom sulphur 
to^ bum it to produce the dioxide, which is then further 
oxidized either by the Lead Chamber, Tower, or Contact pro- 
cesseSr tn yield the trioxide SO^ a compound which combines with 
water to give sulphuric acid* H^SO^. But sulphur dioxide c^n 
also be produced by roasting the metallic sulphidtsi, particularly 
iron pyritca, the sulphide of iron, FeS^, which when pure contains 
53 ; 4 cent of sulphur. Large quanti tiH of the acid arc made in 

this >my and more arc likely to w so made as the United States 
debits, which produce over 90 per cent of the world's crude 
sulphur and account for over 85 per cent of the world's sulphur 
exports, become exhausted. The change b^^ already commenced 
in the United Kingdom, where the inabiilcy of the United Slates 
y> supply the whole of the 460*000 tons required in 1950, and the 
improbability of any friturc improvement, has led some of the 
larger manufacturers of the acid to turn to the use of pyrites once 
more. 

It is unfortunate that no deposits of iron pyrites large enough 
10 supply the developing Indian industry have been discovered as 
j^t m India, Pakismn or Burma, though small occurrences are to 
be numbered by the score. The mineral exists in sh^es associated 
with the Coal Measures of Assam and the Funjab, and in the 
toecne alum shales of the Salt Range, Kutch, Sind and other 
regions. It has been found in many of the Indian States, at 
numerous localities in West Pakistan and in the Shan Siatca and the 
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Tcnaiserim Division of Bunna; h is, in a common and widely 
dntxibuted mineral but, ao far as ii known at present, never Ln 
concentrations large and reliable enough to intciest the sulphuric- 
acid maker. It is to be noted in passing that cubes of iron pyritca 
found on slabs of the calcareous slates of the Cumbum SerJ^g in 
the Kumool district of Andhra, are collected and sent lo Bombay 
for use in Ayurvedic medicinal preparations. 

In the valley of the Amjhor stream, 3 miles from Banjari, in 
the Shahabad district of Bihar, there is an almost flat seam in the 
black, carbonaceous, Bijagarh Shales of the Kaimur SerieSi It b 
about feet in thickneas, has a sulphur content of about 40 pa 
cent, and up to 1951,1 jOJo tons of the mincnil bad been taken from it^ 
There are smaller occurrences of similar type at Kasbya K.oh and 
Yogayaman Koh, also near the top of the same shales^ 8 and to 
tni^ from Rholas respectively. Careful prospecting in this region 
would probably reveal further examplcsj but until the scams are 
properly explored by underground methods their potendalitics 
remain uncertain- At Amjhor, in a small area, 30,000 to 50,000 toni 
of p>Tites, averaging 40 to 45 per cent sulphur, have been proved 
and 700,000 to 750,000 tom Inferred. 

In the Kconi^l district, east of Tara Devi, to the south of 
Simla, several lenticular scams of iron p^Titea cx:cur in slates, 
scattered over an area of about one square mile. During 1941 and 
1943, 914 tons of material, averaging between 35 and 45 per cent 
sulphur, had been won here and sent to a sulphuric acid plant in 
Agra. A similar occurrence is known in Patiala, near Tara Devi. 

An occurrence m the vicinity of Polurj North Arcot district, 
Madras, was opened up fay the G»logica] Survey of India in 1936 
and the mineral found to be pyrrhotUe, the magnetic sulphide of 
iron, FenS^^i, containing about 38 or 39 per cent of sulphur, in 
lenticular patches up to 4I feet thick, lying between basic champe- 
kites and quartzites, presumably of Dharwar age. According 
to Arogyaswumy reserves are only of the order of 17,000 tons contain¬ 
ing 14 to aS per cent of sulphur^ In 1950, however, re^exambadon 
by geophysical methods showed diat the ore-beariog Lcndclcs really 
form a vein which extends over a strike d istance of more than two 
furlongs, and indicated the necessity of further underground explo- 
ration. Geophysical prospecting is also in progress In the vicinity 
of old workuigs in the Chitaldrug district of Mysore, worked 
long ago for copper ores, where indications have found 

that the sulpliide zone may extend over a distance of a,cxx3 
feet, and recent diamond drdJitig has proved a reserve of 
million tons of sulphide ore. The occurrence of pyrites in the 
auriferous quartz veins of ihe Wynaad has been referred to under 
Gou>. 

Iron pyrites occurs m notable quand ty with die Gondwana coals 
of Tandur, Kothagudium and Sasti, in Hyderabad, as layers and 
lenses which are handpicked from the coal in the cleaning plants 
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of the collieries there. In the case of Tandur aiotiep it ia estimated 
that 40 tons are available pea- month frotn the product of 
one Aeaxn, 

Large quantities of sulphur and of lulphuric acid are madi* 
in some countries from the sulphur dioxide liberated in the roasting 
of the natural sulphides of alnCi copper and lead before ^esc metals 
arc extracted from them. Such smelter gases, for tustance, were 
the source of the rquivaleat of 584^000 tons of sulphur tn the Uoitnl 
States La 1944, and accounted for 8 per cent of the British produc¬ 
tion of sulphuric acid in 1950. The sulphur contents of the lead 
ores smelted at Nam Tu, in Bum^ and of the copper ores treated 
at hfaubhandajj in Bihar, have hi thetio gone to wastCj while a pro¬ 
posal^ made as along ago as tg^o, to smelt Burmese zinc coucen- 
trates in India and recover theaci d as a by-product^ was abandoned. 
As a general approximation* it may be taken that one ion of sul¬ 
phuric acid of the s trength uai^ly made In India could be obtained 
froin one ton of Burmese zinc concentrates* the exact amount 
obtainable being dependent of course on the competition of the 
concentrates themselves and the density of the finished aoid. As 
the production of these oozicentrates reached a maximum of over 
7S;,5oo tons per annum and as the grand total production between 
1914 and^ 1940 approached 986,000 tons, some idea of the loss to 
the chamcaJ industry of India and of the benefit to that of Belgium 
and other countries may be gained. According to J. A. Dunn* 
under existing amelting methods at the works of the Indian Copper 
^rporation, it is only practicable to recover sufficient sulphur 
djo^de to make to 30 tons of roo per cent acid per day. Other 
au^ontics have suted that even if full recovery were possible, the 
yield would be less than 30*000 short tons of such acid annually. 
It IS understood that the question is under re-examination at 
present* and all that can be done here is to invite attention to the 
modui x4 methods of concentrating sulphur dioxide in weak smelter- 
gas mixtures^ and to stress that as an assured tuppljr of sulphur ts a 
aeewity for India's economy nu avoidable waste of her slender 
sulphur resources should be peimitced. Whether any of ihe 
pmiaUy toown sulphidic ore deposits will contribute to a soludon 
ot the difficulty remains to be seen. At the present time, like the 
indigenous resources of native sulphur, they can do little to yield 
adcmiate supplies, let alone build up essential reserve*. 

^ Yet another source of sulphur dioxide and sulphuric acid is the 
spent onde \ a wMEe product of the coal-gas industry. There 
IS a leg:^ ohligatiou in some countries requiring the purification of 
gas used m towns for ill umina ting, heating and power purposes, 
and one method of removing objectionable sulphur compounds 
employs hydroxide as an absorbent. This is converted into 
|emc phide, ferrous sulphide and free sulphur, and when no 
usable, owmg to the acciiinulation of free sulphur, is sold 
e acid makers. Over 14 per cent of the British production, 
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the equivalent of gOjtx» tom of sulphuTj, came froin jouiee 
alone in 1^9. 

It has bcm suggested that sulphur might he recovered from thg 
coke^ven gases of Indian iron and steel worts, but this has not 
proved profitable in Europe, using coking coals with a considembly 
higher sulphur content than those of the Gondwana coals of India. 
Indeed, we have the authority of Dr J. Sanjana for the statement 
that about 75 per cent of the sulphur originally present in the coal 
is to be found in the coke, and that only 35 per cent of the low 
original contents eould be recovered, even assuming the iTuprvulhU 
attainment of too per cent efficiency in the process used. Consi* 
derabte research has been done by N. N. Ghatteijee and others 
tm the probtem of sulphur recovery from the highly sulphurous 
Tertiary coals of Assam and the Punjab, but large-scale industrial 
t»t3 are indicated to confirm laboratory experirntmts, and the 
distance of the Assam coalfields from the metallurgical centres of 
Bihar is not helpful in this respnt. 

In the absence of Jargie deposits of sulphur or sulphides, attendon 
must sooner or later be directed to the udlhation of the natural 
sulphates as a source of sulphur and sulphuric add. Millions of 
tons of gypsum are avai lable in India and Pakistan. It is tme that 
at the moment only one firm. Imperial Chemical Industries, usa 
^ as far as Britain is concmed, but the sulphur situation 

is so critical there that the installation of new plants is proceeding 
10 reduce the need 10 import sulphur from overseas. In August 
1951, the formation of the United Sulphuric Acid Corporation 
was announced with the object of building a factory to produce 
about 150,000 tons of the add per annum from indigenous 
anhydrite. The capit^ raised by this new enterprise was 
^^ 300 , 000 , and of this lepresedts Debenture stock 

held by insdtutional invesion, and t ,900,000 which was subscribed 
by 11 p^dpating comj^es, all of which are large consumers of 
s^phuric acid, engaged in the manufactuie of fertilizers, artificial 
silk, heavy chemicals, dyestufis, alumina, transparent paper, etc. 
The plant should come into operation in 3 or 4. years’ time’ will 
consume 240,000 tons ofanhydrite a year and as a major, subsidiary 
by-product will make about 140,1500 tons of cement cl inker annually 
There is another anhydrite plant in France, and one which used to 
opcaate in Ger^y is now in the Russian zone. The process is 
thus well o^hshed and ^though the capital costs of the plant are 
high, probably at least twice that of one of similar size tiding pyrita 
as a raw material, the shortage of sulphur has compelled the largest 
usm of sulphuric acid to join in a cooperative effort to overeoine 
It by the uw of the abundant home supplies of natural 
sulphate. Action on lines such as these may weU be needed in the 
future to solve India’s sulphuric acid donands, which show siim t 
of incie;«mg rapidly It may be recalled heie that gypsmn, 
1^'iin 46-6 per cent sulphur trioadde, 3^-5 per cent 
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limjc and ao*9 per cent of walCTj is the hydrated form of anh^'drite, 
CaSO^, with 53per cent sulphur trioxide and 41 per cent of 
limc- 


TOTAL imports and production of 5 ULmUR 
AND SULPHURIC ACID, 1898^194^ 
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The oldest manufacturert are D. Waldie & Go., whose worts 
were eilablished at Koimagar, near Calcutta^ over 90 years ago- 
Other firms making sulphuric acid, omitting coal, oil, gas and iron 
and steel companies and small concerns with outputs of under 
1,000 tons per annum, include the Bengal Chemical & Fhartnaceu- 
dcal Works (since 1907); Cawnpore Chcmic^ Works Ltd; D.C.M* 
Chemical Works, Delhi| Shambn Nath Sl Sons, Amritsar; 
Dharamsi Moraiji Chemical Go., Thana, Bombay; Eastern 
Chemical Co. Ltd, Bombay (igtg); Sonawala Co. Ltd, Bombay^ 
Mysore Chemicals & Fertilisers Ltd (1940); Parry & Go., Madras 
(before 1909), and Ttavancdre Fertilizers & Chemicals Ltd. An 
analysis of the total of 335,614 tons of the acid made in India over 
the decade 1939-3® and the figures given in brackets are 

the corresponding on« for the period 1934-6. These show that 
49 per cent (51^2) was made by iron, steel, coal, coke and a dnplate 
Company in Bengal and Bihar, largely Ibr the production of 
ammonium sulphate in by^p^uct recovery coking; 13-7 per 
cent (so*8} in Burma, for use in petroleum refining; 0^6 per cent 
(1 ’5) by the cordite factory in Madras, and the remaining 36^7 per 
cent (36-5) by chemical M?orlB. The contrihudoiis of tbissc worts 
to the total output was distributed in the fbUowing proportions i 
B^bay is^y per cent (ifl'SJ; Bengal ia*a per cent (7-2); Uttar 
iVadcsh 6 *7 per cent (3*4); Punjab 3 • 1 per cent (0-9) and Madras 
a per cent (a * 7), 

there were about 4a plants making sulphuric acid in 
India, Pakistan and Burma, only 9 of which were using the contact 
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E roccss, the remainder being chamber plants^ many of which were 
oth old and inefficient. Their combined capacity at that time 
was about 70,000 tom per annum and the prixluction in that year 
was some 59,000 tons. Production capacity increased to 
77,000 tons in 1946, and the five-year target fixed then by the Heavy 
Chemicals Panel was 152,600 tons per annum. In 1045 sonic 
73 per cent of the total production was consumed in the manufac¬ 
ture of fertilizers and chemicals in roughly equal proportions, and 
It anticipated that the quimtiiy taSen by the fertilizer malun 
was likely to mcnease greatly, 

Indian imports of sulphur have come mainly from the United 
States, Si^y and Japan. The world's production ofnative sulphur 
has steadily increased, from about aj million tons in i«q to an 
ntn^ted rough total of . million tom in 1949, the outpurin the 
United States ^one in that year being 4f miUioti tons. The cap 
rocks of tht salt domes of Texas and Louisiana are the source of 
most the dement being recovered by the Frascb process, 

imdcr which mperheated water above the melting point oflulphur 
IS forced to depths of 600 to 1,000 feet, and the molten sulphur 
raised to the surface hy meaiu of compressed air. 

The Sicilian sulphur deposit occur in a it^on, stretchlaif 

across the centre of the island, from Catania on the eastern coast 
^ far as Agrigento in ihc south-west, and diey are associated with 
limestone, sMdatone, gypsum and clays of Tcrtiaiy age. The 
siilphur-bcaring horizons contain from about 6 to about per 
ce^of rht element and, although in places they almost ftach the 
suri^c. It is often neecteary to descend to depths approaching i ooo 
feet before the rock can be won by noTTtial underground meth^ 
and as a consequence Sicilian sulphur is not competitive with the 
cheaply won American anppUcs in normal iLmca. In the 

output was about 225,000 meirie ions, compared with ^7 ™ 
metne tons m jggB. 

In Japan, sulphur is found around numerous volcanJc 
extendi^ from Hokkaido to Formosa, not only as deposits ofsolfa- 
ojfigm m tu®, which recall the occurrence of Ifeh-i-Sultan 
m n^stan but also m ^ muds and clays of former crater lakes, ’ 
The world . la^t demsits of iron pjTitcs occur in the province 
of Huelva in south-wrst Spam, extending in to Seville on W east 
tod into Portugal on the west. One of the orobodies at Rio tSto 
IS uid to be over half a mile long, over 800 fret wide in 
tod persistent m depth to at least 1,500 feet below the siSfS 
n^ive, avreaging about 48 per cent sulphur, 
with small quantitis of copper, lead and ainc. Large tDimaera of 
pTit« arc imned in Japan, the United States, 

other counmes. ^le world's production in 19^ 
exceed 7 f imllion tom, of whidi 1,360,000 tons came from SpSn 
Though the use of sulphuric acid has been diminated ^m 
sume chemical processes m which it was once essential, new 
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dcilvdopmcTits of chemical tcchuole^^ have also created firsh. 
demands for it m uther dtreetiDns^ and the increasm^ consumpdon 
figures for the world at large da out support the view, advranced 
by some writers in Indi^ that the acid is any less indispensable 
today than it has been in the past* As the home demand for 
chemicals of all dcscriptious increases, as it must if industry is to 
groipv, the problem of Indians sulphur supplies will become more 
urgent, if she is to be freed from the dinger^ uncertainty and 
expense of reliance on aca-bomCi foreign importSd 

Unless large p^xidc deposits are uncaged as die detailed 
gtrolo^cal survey progresses, or unless the occurrences of the 
sulphides of copper^ zinc and lead knofwn to exist in Rajasthan, the 
Himalayas and elsewhere, prove on further systematic invesd- 
gation to be considerably larger than the liinited exploradons of 
today indicate, it ii to the tccnvcry of sulphur from the natural 
sulphates that the attention of the research bureaux, capitalists 
mid GOTcmments alike must be directed^ 

SULPHATES OF IRON AND COPPER 

- copperas, the pale green^ hydrated sulphate of 

iron, FeSO^.j^jf^p ^ common decomposition product cf iron 
pyrites and often occurs as an eSoresccncc on pyritous or aluin 
shales, from which it was at one time collected for sale* Jt was 
also obtained as a by-product from the mother liquon of the 
Indian alum works, but supplies from such sources have for all 
pracdcal purposes ceased long ago. The mineral has not appeared 
m the armual returns since the period 1925-8, when small quantities 
v^mg from 3 to 15 cwt. annually were a product of the Khardang 
mine* in the Lad^ distrkt of K^hnm* The India of the past 
used this crude iron salt in combmation with certain vegetable 
juices to produce dyes of dark shades required by weavers and 
t^ers. Today it is employed as a mordant and in the manu¬ 
facture of itik and paint- L^e quantities arc available now as a 
by-product from the waste acid solutions which have been used to 
pickle black steel sheets before they are galvanized* The present 
output is about 2,000 tons per annum: much of this ferrous sulpliate 
IS sold as such j the rest is converted by roasting into various s^es 
of red oxide of iron for the paint and colour trades. 

^ Copper sulphate, chalcanthite, or bine vitriol^ GuSO*.5H-0, 
IS sometimes found as a decomposition product of copper ores For 
many years it was manufactnred. together with alum and copperas, 

and infuse of the copper in m« of KhcCri 
and Singhai^ in Jaipur, Rajasthan. Insignificant quanddes of 
such natural copper sulphate are still probably collected from 
anettnt copper workings in both India and fiumia, such as those 
or Lctpa^img, in the Chindwin valley of Burma. The efflores¬ 
cences which grow on the walls of the old adits and shafts are 
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scraped off and dissolved in water, which after evaporation yields 
a rnixture oF the crude sulpkaies of copper, iron and aluminiuiD. 
Copper sulphate finds its main use in India as a fungicide, partie- 
ularly on tea, coffee and rubber estates, and during the Last war 
was employed in the rot-proofing of gunny bags. It is made in the 
countryi probably to the extent of some goo tons per annum, by 
dissolving copper scrap in sulphuric acid. Imports have grown 
from a little over 1,000 tons per annum twenty years ago, to 1,800 
or 1,900 tons per annum at the present time, agriculture accounting 
for 80 per cent of the totals 

ALUM AND RELATED CO^tPOU^^DS 

At one time India’s requirements of alum wms met from 
intcmal souixes by the treaEment of alum drales. These are thinly 
bedded, easily fissile rooks contaiiiing varying quantities ofsmaLi, 
sometimes microseopie^ and ’well dlsseminat^ cryataU and graiiu 
of Iron pyrites. When exposed to the action of the air, the pyrites 
mddkes, and the acid solutions so generated react upon the alumin¬ 
ous compounds present and form sulphates of alumimtizm In 
aciual practice the methods of treatment adopted varied in different 
parts of the countr]f, the shale after mining ^ing either exposed to 
atmospheric agencies for some months, or piled into heaps with 
alternate layers of brushwood and fired fbr lengthy periods. In the 
second pari of the process, the burnt shale was lixiviated in vats or 
tanks with water, the liquors drawn off, concentrated, and then 
treated vs^th salipetrej wood ashes or more commonly with soluticiis 
of nhf the alkaline ^orescence scraped from the surface of the 
soil in dry paru of the country. The latter yielded an impure 
product in which soda aluin predominated, while from the former 
a purer form of potash alum, the double sulphate of potassium 
and alumininm, K^04.AJ,{S0^a.24Hj0, was produced. There 
used 10 be extensive works carrying on these operations in the 
Shahabad district of Bihar, which obtained their supplies ofpyriloiis 
shale from the Kaimur Sandstones of the Vindhyan System^ at 
Mhurr, in Kutch, where the raw material w^ a soft breccia from 
the sub-Nummulitic Group j at Khctri and Singhana, m Jaipur 
Rajasthan, using shales of Aravalli age fiom the local copped 
mines; at Kvcral places in Sind; and at Kalabagh and KotU, m 
the Mianwali ^trict of the Punjab. A detailed account of the 
iMUncr in which alum was made at the last named place was 
given by N* D. Dam in 1910. The raw material was an alum 
shale taken fixm the base of the local Eocene rocks, with an ex¬ 
tremely finely divided pyrite eontent, averaging 9^5 per cent sul¬ 
fur. The product was mainly soda alum and it was sold in Delhi, 
Hissar, and other centres of the tanning and dydng trades. 

The indigenous processes of manu&ctnre resembled those 
discarded in Europe Jong ago in favour of more economical ones 
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baimte or bauxidc days as a starting-point. The Indian 
slowly anguished, unlil it was finally exOnguished in 
igaS by me combined competition of imported alum and that of 
alum and rdaied chcmicaJs produced b Indb itself by mort? 
modem meth^. The imported products, as the table below 
demonstrates, have fallen to about 1,700 tons per annum fioro a 
maximum of approximately 6400 tons per annum and, at the 
SMC time. Indian-made products had by 1950 attabed a total 
which probably approached 30,000 tons annually. 


ALUM AND THE ALUMINOUS SULPHATES, 1897-1346 
{Average muiujil ^gvErci) 
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The Heaty Industries Panel estimated b luifi that the total 
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entangles collpidal matter and pathogenid oi^gaiusms^ leaving the 
pudfi^ water dear and af go^ appearance^ though a further 
sterilization by means of etdorme is often carried out. This 
coagulating property of aluminium sulphate, besides forming 
the basis of water purification* ss also u^ in the treatment of 
sewage and wastes from industrial processes. Aluminium sulphate 
has many other important applications including its use in * foam * 
hre extinguishers, in sizing paper, lannmg leather^ treating furSj 
^vaterproofing textiles and cleansing metals. It b also emplo)^ 
in the manufacture of dyestuHs, pigments and colours, in me* 
resisting paints and in pharmacy. Special highly basic aimnlniiiin 
sulphates, known as * dumiha whites \ are used as mbber fillers^ 
as ingredients for printing inks and to a lesser extent in paintSi 
vamishH and lacquers. The chief applications of the true alums 
and particularly of the ammonium and potassium varieties^ are 
iu the manufaciiire of fine paper and as mordanting agents in the 
dyeing trade, 

Omer aluminium salts of mdustrial importance indude activated 
alumina, a powerful dehydrating* desiccating and purifying agent, 
used for drying gases on a commercial scalej in the refinhig of oils^ 
rcsicks and waxes, as a catalyst and catalyst carrier In organic 
reactions and as a separating medium in chromatographic analysis. 
Al iiTnini nm chloride IS used in rELfining-petroleum and as a entalyst 
in the manufacture of drugs, dyes and perfumt^. 


SALT 

The natural chloride of sodium^ common salt, rock salt or 
halite* NaCl, with 39*4 per oent of sodium and 60*6 per cent of 
chlorine* is a very widely and abundantly distributed mineral, 
luring the course of geological time* salt carried in solutioa by 
rivers has slowly accumulated in the watm of the sea, and an 
avera^ of a great many samples of oceanic waters shows that they 
coutain about 3*5 per cent of saline material* the greater part of 
which, about 2^7 per cent, b scxlium chloride, accompanied by 
smaller quantities of other soluble salts, including the sulphaljea 
of calcium, magnesium and potassium* the carbonate of cafeium, 
the chloride of magnesium and the bromides of aoine of these 
elements. In hot countries salt can be recovered by the solar 
evaporation of sea water in shallow ponds* and much the same 
process proceeds naturally in the salt lakes of Rajasthan* the Dead 
Sea in P^estinc, the Great Salt Lake of Utah in the United Stalls 
of America* and in many other suitable regions of cnclcded drainage^ 
Similar proce^ l^ve been in operation in earlier geological ag)es, 
when arid tlimatic condidom have prevailed and lagoons and 
land-IcKil^d arms of the sea have been periodically desiccated by 
evaporation and then fed by further supplies of sea water. In 
some such way the great deposits of rock sal t , often associated with 
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gyptnim, anhydrice and the atfaca* products of the cvaporatlDn of 
jmter, have been fornied. They are often of great exicni and 
various geologic^ horizons in many countries 
and furnish the main supplies of comincreial salt today. 

For m^y years the average annual productiou of salt in the 
rermer Emp^, that Js the area now covered hy the Republic; 

East and West Pakistan and Burma, averaged about i4 milUon 
tons per wn^, a quantity which was probably insufficient for the 
normal philological needs of the popvdation, without considering 
the quantiuca ™uircd by various industries. The average annual 
cooaimjpaon of salt, on the other hand, had risen to about fl tnillinn 
tons^per annum by igao, and the required balance had to be made 

development, for 

s^t was first imported into Bengal in 1817, and by i8*ji-a had 
nsCT to ovCT 110,000 ions per annum, about half the requirements 
of Bengal at that tune. The sources of this foreign salt; which for 

had averaged over half a million 
'T' ^«yPt and Italian East Africa, 

^ Kingdom, Germany and 

Spam had a share in the trade, 

last rate unpos^ by the formcT Govenunenr of India being Rs i-q 
IkZ ^ September 1931 until 

?f !!L^ additio^ duty 

ofvjj annas per njaund imposed on foreign salt in 1031 (reduced to 

^ gave muchmeeded p^tection to the 

md^ous industry, with the result that imports f&i to an average 
of tetwe^oo OM and 400,000 tons m the pre-war period tog+l, 
wiuJb m Bmgal alone, imports of Indian salt rose fro^s pw Mt 
of the total m 1930*1, to 9a per cent in 1036-7 ^ 

r ^,937 ao loss to India as far as 

a large importer, but the separation 
of Pakistan m 1^7 deprived India of the rock-salt supplioWfi- 

eSSh "x ™ Salt RangTIid 

^here, Tempo^ shortages, however, were quickly made 
^ by incre^d pnrfucdon from Madras. Bombay and 
Saurashtra, so that for the four year, ending lo-irSe average 
whi^^^T“™ had attained a record of a,?^,96B tJ^f 
^ suTObed as. 7 per cent, Madras slpct cent, 
Saurashtra itt-s per cent. Over ^he same 
^ aver^ of 269,000 tons per annum, 
tanidlv Middle East, though they fell 

Smie ofT* '949 lb H7.000 tons in 1950, The 

distrihutf.d tft toiui^e reaches Calcutta, whence it is 

*-j r of West Bengal^ Bikar* Orissa. Assam 

Lttar Pradesh. The ave^ige consnmf^ 

ybars in question, IQ47-50L was therefore 
appmximately 9,366.000 tom: it has been atSItS^tha^fodmtria) 
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users required 450J.OCX) tons of this amoimi, leaving i.gi6^000 tom 
for human consumption, or some lb, per head of ihc popubuon, 
which Is just about the quantity dieticians consider every individual 
requires annually* 

Salt Is not only essential to all human and animal liTe^ it has 
many mdustriai applications besides being one of the most widely 
used raw materials of the chemical industry. The worldV pro¬ 
duction over the period 1934-B was about 32 million tons per 
annumj to which India conirihuted about 4-9 per cent, compared 
with the United States^ 23-4; the Soviet Umon^ tg; Germany, 9; 
the United Kingdom, 8-6; China^ 0 - 8 ; France^ 6-1 and Italy 
4 per cent! a great many other countries added smaJ ler amounts 
to the total. 

Taking industrial uses into consideration the annual total 
consumptkin of salt per head of ihe ^puJation in the ig47"5*^ 
period was 14^6 1 b. in the case of India, compared with 122 ib. 
and 117 lb. for the United Kingdom and the United States, respec¬ 
tively. Thb is a measure of the far greater employment of salt 
in ind ustry in these two countriei, for the great bulk of their output 
finds its way into chemical mafiufaotuTcs where it appears in an 
imposing army of products. Chief amongst these is soda ash 
(sodium carbonate), which is said to take from 30 to 40 per ceni 
of the total output. Amongst others are sodium sulphate, caustic 
soda^ hydrochloric acid, the elements sodium and chlorine^ and the 
compounds derived from them in general. 

Ssdt is indispensable as a preservative of mcat^ fish, dairy 
prtxlucts and foodstufS of aU kinds, tt is used for ptckilkg and 
salting hides, in the manufacture of soapi and on fiarms as an addi¬ 
tion to stock food. The makers of coal-tar dyes and of salt-glazed 
ceramic goods require large quantides. It is a valuable refrige¬ 
rating agent and the chief regenerator in the soflening of water 
by the * zeolite * process* In countries where ice-bound city strrxts 
are the rule in winter, it is extensively employed as a thawing agenu 
These arc but a few selected applications of a common but extremely 
useful mineral. 

Signs are not wandng that the salt situation in India, which 
we have attempted to outline briedy, is undergoing radical change* 
The target Gx^ for the 1951 production was roughly 2,700,000 
tons, an increase of 596,000 tons over the annual average for the 
four yean ending 1950, and of 127,000 tons over the production 
for 1950 alone- T^ official returns for 1951 show a total of 
2,641^701 tons, valued at Rs 6,04^35,552 excluding 91^837 tons 
made by unlicensed producers. PYrauedon in 1952 amounted to 
over 2,§26 |Ooo tons, while the country's Intend requirements, 
mcluding its increasing indusorial and agricultural needs, are 
esumated at 2p626,ow tons, leaving a surplus of more than 200^000 
tons available for export, Akeady, in 1949, Mime 5,900 tons of 
salt had left Madras for Japan and this w^ followed by 18,000 ions 
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from West mrts m 1950. Exports currendy aljoucd caj-ly 

sn 195^ totaled 169^000 tons, and Included 17,700 tons for East 
i'^sian jmd 92^0^ tom for Japan from Saurashtra. The middle 
^thc century would thus appear to mark the changesover in India, 
from the importatioti of salt to the export of its own suiplus, home- 
^de supplies to other Easton lands snSertng from a shortage of 
this Vital commodity. 

The saJt (nippliH of Western PaJtisLin are derived chicay ihjm 
the rodt^i deposit of the Punjab Salt Range and of the Kohat 
district, m the North-\\est Frontier Phjvintc, as well as from the 
solar evaporapon of sea water and brines freun the sdine coastal 
uhmi^ of Sind and the Mekran. Smaller quantities come ftotn 
dried lake hrfs m Baluchistan. In 1946, the last year before the 
fct^pon of the ^0 countries, the salt deposits which later passed 
to Pakis^ contributed 453,000 tons to a total output of 1,938,000 
tons. For 1947 the year in which division took place on 15 AujUi 
complete siaustta are not available, but the average annual W 

according m data kindly 
uj^h^ by the Geological Survey of Pakistani was 3^^3,700 tons* 
^whjch 51^4 per cent was obtained from Sind and 43 M ocr cent 
nt>m the mines of the Salt Range, 

Sea iSnfr 

Most of the made in Bomhay, Madras and Burma comes 
^m M water, the processes used in its recovery- in India depending 
purely on solar eraj^r^ion, though on the coasu of Lower Burma 
^ mnemtrated brines are finally boiled. The rraer^-oirs and 

^th they are protected by embanbnents. The mHnufbcinring 
5^n lasts no^lly (rom January to June. Ninety-five per 

of Bombay itselfSe rat 

the neighborhood of Mangalore in the south, Production used 

wldSh^^m^"' maun^ (397.764 tons) annually, of 

“ Bombay, ont-half sent to 
le^ivi^ Malabar and Madhya Pradesh, while Bengal 

hwevtr, there have been remarkable chan^ in 
production, for the output of 370,364 1^^01017 

Se Sdi^ responsible for 28-7 per cent of 

of the Saurashtia and Kutch coasts supply bree 

from 6i nao production firotn Kutch ^as grown 

S« t? ^ •'* “ ' 950 , the corresponding 

Saurashtra were a ^.775 toii'’ and 447,145 to^ 

of thtUUintput. 

xne prmapal works are at Mnhapur in the Bombay enclave of 
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Saura^htra; Lavanpur^ m Morvii; Bedi^ in Jamnag^; Kuda in 
Dhrangadhra; Porbandar; Bhcrai Creek and Veraval* in Jimagad; 
Jaffmbadp in Janjira; Bhavnagar; and Kandk* in KntirL The 
Okha SaJt Worls, at h-iithapur^ which were founded m t9^7i 
were taken over by Tata Cheimcak Ltd in 1939^ 
only inanufactiifc finc^ white* cmahcd and vaeuimi salt* but are 
a centre at which a nnraber of heavy chemicals and other 
prtxliiCQ are made. For these both brines and bitterns are 
utilised* together with local coral Umestone. The daily capacity 
of the works is aotia asbj 140 tons^ sodium bidarboitatCi, 10 
tons p caustic soda, 3^0 tons | chlorine^ 7 tons ^ magnoiiim chloride^ 
20 tans* bromine* § ton^ potassium and other bromides, ^ ton; 
magnesium sulphate (Epsom Salt), 3 tons; hydrochloric acid, 7 
tons; and other products. 

Salt is also made from the brine of wdU on the Little Rann 
of Kutch* at both Kharagoda and Kuda, It is fairly pure except 
for average amounts of 0-9 and 0-33 per cent of magnesium, 
chloride, respectively, Her^ too* with a season lasting from 
November to April* the hsit of the sun is relied upon after the 
brine has been rais^ froin the shallow wells. These brines are 
richer m sodium and magucsimn chlorides than sea water* but 
cont^ considerably less magnesium bromide and potassium 
chloride* Salt in cubical crystals, known as the buFugru variety^ 
Is ^ speciality of the Kuda works which also supply salt to the 
Alkali Works at Dhrangadlira* some 10 smies away. These have a 
daily output of about 50 tens of soda ash and 5 tons of calcium 
chloride- About t iBoo tons of magnesium chloride are obtained 
friim Rann of Kutch bi t Lems hom a yield of about 60*000 toos of 
bar^a salt* The manufacture of magnesium chloride ia dracribed 
on another page^ About half of the Khangoda production in 
consumed m Uttar Pradesh* the remaiader in Bombay and Madhya 
Bharat, 

I^^rge^c^u^mtitics of salt are made at the Mauripur works* near 
Karachi, in Sind, Western Pakistan. With a mean annual rainihlt 
inches^ normally distributed over 9 day?* a dry atmosphere 
wMch is seldom still and a mean daily maximiim temponture of 
84° F-* oundltions for rapid solar evaporation arc practically ideal* 
and it is not sumrising that operations are carried on for nearly 
eleven rnouths of the year* There are several other salt works in 
Lower Smd and the Indus delta, some of which by-product? 
such 33 Epsom s^t (magnesium sulphate), potassium chloride and 
magnesium chloride. In the Thar Farkar district of south-eastern 
Sind, soc^ jfOOO tons of salt are also recovered 2iiuiu3lly from sub- 
Recent deposlu. O^ier the three years ending >950, the annual 
produettou of salt in Sind averaged tSG,6oo tons. The Hamun-i- 
Mashiel, in the desert region of nonh-vfcst Baluchistan, includes 
a great salt marsh, dry in the cold weather with a climate ideal 
for salt manufacture. Explored by a few shallow pits in part, it 
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contains many mlilicns of tons of salt, but on account of ite inaccess¬ 
ibility, 40 milts firom the nearest rail-head, it h only exploited on 
an insignifkant scale for local purpooes. 

The Portuguese endaves of Daman and Goa have their separate 
sea-salt works, the products of the latter being marketed io the 
Bclgaum, Dharwar and BIjapur diatricts of Bombay as well as in 
parts of Mysore and Hyderabad. Saline efflorescenei^ and weak 
brines are sources of the coarse salt which has been manufactured 
for centuries by the uppari of the Jtaichur Doab and die Surapur 
taluk of die Gulbarga district of Hyderabad^ Two varieties are 
made, the first an edible salt with about 96 -5 per cent of sodium 
chlOTide* and the other an impure kind with about 3B per cent of 
sodium chloride and 4^ per cent of sodi um sulphate, which is used 
in tanning leather^ The annual production of the former averages 
about 1,800 tons and of the latter about 660 tons* 

In Travancore there are about 14 mlt works, located mainly 
about Cape Comorin, which contributed 53,300 tons to the Indian 
total in 1950, and the Trarancore^Cochin State no longer has to 
Import appreciable quantitiH. The salt-producing regions of 
Madras and Andhra are divisible into thrre gmups: a nonhem 
One extending from Srikakulam to the Xrishna district, a central 
group reacbmg from the Jatter district to Chingleput, while 
the southernmost stretches down the cast coast to the vicinity of 
Gape Comorin. In tg^B, there were approximately 50 producing 
centres in the three groups, with 65 separate installattons turnmg 
out salt and distributed along 900 miles of coast^line. The season 
varies from January or February to June or July in the north, 
while further south it commences later, in Mardi or April and 
contiiiues into^ August or September^ In the extreme south, on 
the Tirunelvcli coast, salt can be harvested up to October, or even 
into November, depending on climatic conditions, for here, as 
elsewhere, evaporation depends entirely on solar heat-K Output 
naturally varies with the vagaries of the monsoons ^ thus, while 
8111,047 tons were obtained in 1948, only 70640B tons were forth- 
ranung in 1 95 *i nevertheless, Madras has been die leading producer 
since Z 947 t *nd between 19+7 ^95^ conbdbiitcd 32 per cent 

to the total Indian output. About 15 per cent of the Madras 
production is sent to Orissa, Bengal. Madhya Ptadesh, Hyderabad, 
Mysore^and Goorg^ while another 2 per cent is consumed in local 
ibh-curing. Madras salt does not attain the quality of the Bombay-- 
made product; a representative average analysis shows 92 ■ 72 per 
cent sodium chloride, 2*12 per cent magnesium chloride, 1 ^36 per 
cent magnesium sulphate, 0-98 per cent cakitnn salts and a *82 
cent Insoluble matter. This doubtless accounts for the fact 
iMt upwards of 60,000 tons of Bombay and Sanrash tra salt reach 
the Madras State annually* 

Orissa salt comes from the coakul tracts of the Oanjam and 
Balasore districts. Before the partition of Bengal in 1947 there were 


JAtT 


505 

KVC31 salt works along the coasts of the Midnapore^ Simdarbans and 
Chittagoag regions, but together they only made about 400 tons 
per annum^ a irifimg &acdon of the province’s requirefnents of 
some 550^000 tons annually. Since the partition, the two regiotks 
of West Bengal, Midnapf^re and the Sunderbans, have turned 
out up to a»530 tons per annum (m 1950)^ but this again bears Little 
relation to the actual requirements of the State. The truth is 
that meteorological conditions on the Bengal coast do not favour 
solar methods and alLhough it has been sugguted that these might 
be combined with boiling the concentrated brine, the question of 
increased costs as wdl as the prevalence of rain-storms due to 
* Nonvesters ^ in the productive season, are factors for due coml- 
deration, i^rticuLarly as regards a recent proposal to establish a 
large worl^ at Contal, in Midnapore^ 

Small quandtiea of salt are made on a cottage^industry scale 
for local consumpdon from the waters of salt springs in the Jorhac 
and Sadiya districts and in the Cachar Hills of Assam and from 
some brine wells in Manipur State^ but by far the greater pordon 
of the requirements of these States arc imported. 

Fullcf descriptions of the methods adopted in India for the 
manufacture of salt than it is possible to give here are to be found 
fn the repKjrt of the Salt Experts* Couiniittee, constituted by the 
Govenunmt of India In April This report, published in 

1950, also coutaius many analyses of the brines concerned and of the 
varieties of ^t made from them, as well as proposals for the Lay-out 
of a model salt works by means of which the quality of the hnished 
product generally might be improved. These proposals have 
resulted in the establbl^eiit of The Central Salt Research Insdtute 
of India, opened at Bhavnagar in Saurashtra by Prime Minister 
Nehru in April 1954. The Institute possesses 135 acres of land 
near the sea for devdopmenl as an experimentai farm which 
will be concerned not only with the extraction of common salt, 
but also with the economic recovery of the many by-products 
obtainable from sea water and their utilization for the manu&cture 
of other materials of importance in the IndustrLal development of 
the csountry. 

Many of the coastal districts of Bruma and particularly those of 
southern Tcnasserlm—Amhoxt and Tavoy—yield salt from sea 
water, but the process followed diJTefs from the Indian practice, 
the brine being concentrated in the open air by solar evaporation 
until its calcium sulphate content has crystallized, when the concen¬ 
trated liquor Is boiled almost to dryness in shallow iron pans heated 
by wood fires. By this means a white salt is produced which 
is more acceptable to the local market than the cruder, more 
coarsely crystalline Indian product. In many districts of Upper 
Burma and in parts of the Shan States^ salt is made on a small 
scale from well brinra or by the Uxiviation of saline earths. Before 
it became an mdepeudent country Burma used to produce from 
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one fifth to orte quarter of its salt requirements^ the rot being 
imponed from overseas. 

Lak^ Scii 

Salt is also made in India fiTim subsoil and lake brino ; Sambhar, 
the largest of the salt Lakes of Rajasthan^ lies in Jaipur and covers 
an area of some 90 square miles at its highest levels dwindling to a 
small central puddle by March or April. W. K. Christie proved^ 
about t9iOj chat the muddy bottom of the lake^ down to a depth 
□f only fccti contained at least 50 million tons of salt. The salt 
in this part of India is brought in as fine dusE lirom the Rann of 
Kutch by the prevailing air currents of the hot season^ while each 
following monsoon supplies suflicienc rain-water to cany a load 
of it in solution into lues such as Sambbar and other areas of 
enclosed drainage. There is thus a continual ziatural renewal of the 
salt supplies in Acse locations. In the dry weaihcr the strong brine 
brought to the $udkce of the desiccated lake beds by capillarity 
quickly forms a crust of salt over the surfacCj which is again dis* 
solved by the monsoon rains. Another temporary salt lake of the 
same character exists at Didwana, in Jodhpur^ while salt is also 
recovered from sutHsurface brines at Panchbhadm^ also in Jodhpur. 
The combined output of all the aalt sources of Rajasthan averaged 
447^^00 tons per annum o^xr the years 1947 to 1950, inclusive^ 
forming 21 - 2 per eeni of the total production of the Republic. 

RiKk Sait 

Towards the end of the British adminiscration of Tndia ^ about 
ra per cent of the total salt production was made up of rock salt* 
of which 85 per cent was drawn from the mines of the Punjab Salt 
Range and ihc remainder from Kohat in the NorthAVot Frontier 
Province and Mandl State in the Punjab Himalaya- Both the 
former occurrences are now in West Pakistan and the latter forms 
parts of Himachal Pradesh, in the Republic. AbuJ Fazl (1551* 
1603) mentions the salt diggings of the Punjab Salt Range m the 
AiTt-i-Akitarij and the use of the mineral for * dishesp plates and 
covers and stands for lamps ^ as well as for its more usual purposeSp 
though it was probably the associated gypsum which was used for 
these ornamental articlcsp much as ^bastcr is utilized today. 
Following the Moguls^ the mtn^ were worked eixtcnsrvely under 
the Sikhs and first came under British oontfol in 1849, after the 
Second Sikh In 19471 on the partition of India, they passed 

into the possession of the Govemroent of Pakistan. Lcxial tradition 
statra that salt mining commenoed about taoo, but the rock 

occurrence in the Salt Range of the Punjab is known at least 
from the ti m e of Alexander the Greats as Is evident fitmL the wri ting? 
of S^bOp who referred to it saying that *in the territory of 
bopcithes there is a mountain composed of fossil salt suScient for 
the whole of India ^ 
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Exposes of the Sale Marl of the Salt Range arc said to appear 
fi^ticntly over a distance of 134 miles and to occupy a width 
of 4 to 5 mikap The ansa of the salt-bearing strata is thus approxi* 
matcly 600 square miks^ in which the salt zones may reach up to 
275 feet in thictnesa^ mdcviduaJly. At the present time mining 
is carried on at Khewnij Warcha and Kalabagh. KJie^^ra itsdf 
is about 5 miles from Find Dadan Khan* in the Jhdum districti 
and the salt-bearing series as exposed undergrounth and reading 
downwards, is as follows: the North Buggy Scam, 25 to 50 feet 
thick: marl up to 10 feet: the Buggy 150 to 200 feet thick: 

marl o to 30 f«l: the Sujowal Se^^ 30 to So feet thick: marl 
60 to too feel: the Upper Pharwala Seam, 70 to 80 feet thick: marl 
50 feet: the Middle Pharwala Seam^ 70 to 0 O feet thick, followed 
by marl and rock salt at the bottom. Thus about 300 to 450 feet 
of rock salt occur as thick seams, alternating with saline marls 
varying &om 120 to 200 feet ki thickncsi. As taken over by the 
British, ike Khewra mines w^ere narrow, tortuous passag^^ opening 
into hu^ caverns, in which no precautions had been t^en for the 
prevention of (alls from the roof* The production then was &om 
23|000 to gOpOoo tons annually, but this soon increased after H* 
Warth had laid down a scheme of syat^natic working. The 
average aiumal output for the five fiscal years ending 194^7 was 
i87p 490 tons and for the two years ending 1949-50, 136,824 tons. 
At the Warcha mine, which is situated in the Saigodha, formerly 
the Shahpur district, about 9 miles from the railway station of 
Gunjial, the old Sikh workings were of great sbe and in the usual 
dangerous condition. 20 feet of salt are extracted from a 

seam of much greater thickness, the temaiader being of poorer 
quality. The average annual output far the same five years, ending 
J946'7, was 33,214 tons and for the two years endidg 1949-50, 
red marl in which the Kalaba^ salt occurs is 
expo^ at the base of the hill on which KaJabagh itself, a towm on 
the right bank of the Indus, in the Mian wall district, is built, and 
It extends for some distance northwards, cropping out in the valley 
of the Lun stream. The salt beds ^-ary from 4 to 2o feet in thickness 
and were at one time worked in open quarries. The existing mine 
is aExJut 2 miles from the town* As a rub the salt is of the same 
reddish^ colour as that of the easLcm Salt Range, but much of it 
occurs in large transparent oibca. The output here for the five 
fisc^ years ending I94i6'7 was 20,072 tons and for the tivo years 
ending 1949-50, 14,6^ tom* Tlie geological age of the red* 
gypscom clay or marl of the Salt Range and the origin of the great 
discontinuous beds of salt w^hieb it contains are quations which 
have evoked much eoutroversy. ft must suffice to stare here 
that towards the eastern end of the Range* the Salt Marl is overlain 
by rocks of Cambr^ age and that A. B. Wynne, in his exhaustive 
memoir,, regarded it as the oldest formation exposed, while some 
later obscrv'crs doubt if this ta its true position in the sequence* 
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There can be no questiorip hofWevcr, that the rock salt deposits 
ajTi of great though variable extent^ and that thej^ may be expected 
to continue beyond the scarp of the Range itsdf beneath the plaieau 
to the north. The Punjab rock salt vi imially transparent with a 
slight reddish Llnge and as dispatched from the mines contains 
between 97 and 99 per cent of sodium chloride. Prior to the days 
of parttikn* its consumptiDn was restricted mainly to the Punjab 
and adjoining regions^ ^ou^ a portion found its way into Uttar 
Pradesh and western Bihar, in 1950;^ it was announced that 
under a trade agrcenient rock salt could be imported into India 
from Pakistan without licensing and payment rcstrittions. 

Immense deposits of rock salt exist in the south of the Kohat 
district of the North-West Ffonticr Province, where they were 
visited by Agha Abbas in 1837, The salt beds come to the surface 
along the axes of a series of narrow, elliptical| anticlinal fdlds^ so 
that their outcrops arc never continuous for any great distance- 
By measuring the area over which the salt is actually exposed and 
assuming an average thickness of too feet^ Wynne estimated 
reserv'ts of about iS million tons* but as the salt may reasonably 
be e 3 cpected to be accessible over a total area of 5 square milest the 
actual quanti^t according to later geolo^sts, is probably not less 
than 1,250 mlliion tonSn The visible thickness of sale exposed in 
one instance Is at least 1,000 feet, at a single distinct horizonj over¬ 
laid by beds of gypsum and apparently followed in conforraablc 
sequence by Nuimtiulitic {Eocene) limestone^ The salt itself is 
usually greyish^ as contrasted with the reddish variety of the Punjab 
Salt Range^ It b of remarkable purityj being only slightly con¬ 
taminated with thin layers of clay or marli except in the upper 
portion which b often impregnated with petroleum. The mineral 
is quarried today at Karak, Jatta and Bahadur Khel, but production 
b limited to strictly local demands owing to the absence of rail 
commimication. The average armual output of the Kohat sail 
quarries for the five fiscal years ending 1946-7 was 31,600 tons, 
and for the fiscal year 1948^^ ^ 4 t 37<5 tom. 

The rock salt deposits of Mandi^ in Himachal Pmdesh, were 
first described by Mooremft in 1841 and their precise age atPl 
remains doubtful. They occur in a zone of licnestomsSj shales and 
sandstone, believed by some to belong to the Kjtjl Series and by 
others to the Subathu (Nummulitlc) Group. The salt is of a dark 
purplish hucj quite opaque and with a large admixture of earthy 
impurities^ though small nests of pure,, crystalline salt are occa¬ 
sionally met with* The average annual production for the Four years 
ending 1950 was 4,467 tons. Recent investigations by the GmIo- 
gical Survey of India having indicated the salt deposits large enough 
for further development^ the Government of India brought Messrs 
Escher WyM flt Co. from Zurich and aie considering their brine 
chamber mining method for these salt mmea^ with a view to produc- 
ing 66,000 tons of refined salt annually within the next few years, to 
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mtti the rccjuireiiieTits of iht East Punjab^ Himachal PradesK^ 
the Patiala & East Punjab States Union and Kashmir. 

Common salt is the commercial source of its two constituent 
elements, sodiunt and chlotme, both of which are made on a large 
scaJe^ the former by the electrolysis of fused salt (or of oaimic soda) 
and the Latter by the electrolysis of its aqueous solution^ by w'hicli 
method caustic soda is also produced. 

Sodium is a sofl^ silvery white inetai^ lighter than waterj which 
can be cut with a knife or mDulded in the fingers. It tarnishes 
rapidly in moist air and is stored under hydrocarbon o!L Its 
pt^uction In tecent years in the United States alone is said to 
have reached i 5,000 tons per annum. It la used in the preparation 
of lead tetraethyh PbtCiHa)*, the * anti-knock' in motor 

fuels; in the manufacture of sodamidej NaNH^p for the dycstiiffit 
industry and an intermediate product for sodium cyanide, NaCn^ 
itself invaluable for the extraction of gold and silver from their 
oicSp and also employed In the nitriding of stcelj in electroplatic^ 
and for the preparation of hydrocyanic acld^ the fumii^t and 
vermin destructor. The synthesis of dyes, including indigOp and 
other organic chemicals, is stated to account for about half of the 
sodium metal made and consumed in the United States^ The 
following applications furnish some further examples of its utility: 
as a heat-transferring medium, for instance, in the heads of aero* 
engine valvesj in the ^ modification * of alloys of the light metals^ 
such as those of aluminium and silicon; in. the manufacture of 
photo-electric celts^ for like the other alkali metals it emits electrons 
when exposed 10 light; as a constituent of the lead-base bearing 
alloys (Bahn metals). Metallic thorium, titanium and uranium 
can be made by the interaction of sodium and their chlorids^, and 
tantalum in ^e same manner from potassium fluotant^te. 
Sodium peroxide, NagO^, a powerful oxidizing agent used on a 
large scaie for both, laboratory and industrial purposes, is made 
commereially by passing dry air over heated sodium. 

Chlorine is a yellowish-green, poLsonous gas, about times 
heavier than air. It is readily liquified and is stored In ImJ state 
for transport and commercial use. Bleaching powder is made 
by the action of chlorine on slaked lime^ and senium hypochlorite, 
NaOCl, another effecdve bleaching ageui and a powerfu! germi* 
cide, by its action on caustic soda or sodium carbonate. The 
bleach liquor required by the teictile mill* and factories in 

India is made, however, by the dec trolpis of a solution of cormnon 
salt, under conditions in w'hich the chlorine and caustic soda so 
formed can react together. Sodium chlorate, NaClOj, a w^d- 
killing compound, is manuFactuned by the electrolysis of saturated 
solutions of salt. 

Other applications of chlorine, out of many which might be 
given, Inciude the liberation of bromine from the magnesium 
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bromide of bittans and of sea water; the preparation of carbon 
tcirachloridc, CCl*, a solvent of IktSp a diy-clcaning fiuid for 
textiles and a component of some fire-exdngoishera; of chlojofono, 
GHGI5, the anaes^ctlc and of floral, CCljCHO, the hypnotic 
dru^; of suJphur chloride^ used in rubber proocssiogp and 

of varioua organic solvents^ dyestuffs and other deKvatives. Hydro¬ 
chloric acid, HGL, can be made by the direct combination of 
hydrogen and chlorine, both of which are by-pToducu in the 
electrolytic mamifactiire of caustic soda from soiations of common 
salt. 

Public health authorities sterilise drinking-w'ntcr suppUes and 
disinfect the contents of public swimming baths with chlorine as 
well as using it in the treatment of sewage effluents. In mctaUiirgy, 
chlorine is the basis of the most important of all the gold-reEomg 
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sources of INDIAN SALT IMPORTS, 1898-1950 
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• Apprdzmuiic pomlage. 


procc$3c3j and the bulk of the world^? output of gold^ lacludiug 
that of the Witwaterjraad, in South Africa, ts treated in this way. 
It b also used in the refining of silver^ for the purification of crude 
bismuth and the ronovaJ of zinc from lead; in the recovery of tin 
from cans and other tin-plate scrap, and in the preliminary smges 
of the production of zirconium firom zirt^n by the Kroll process. 


OTHER SODIUM COMPOUNDS 

Many tracts of barren land^ known as usar, cxbc on the Indo* 
Gangetic plain from Bihafp through the upper portion of Uttar 
Pradesh to parts of the Punjab^ Rajasthan and Slndp over the sur- 
Ikccs of which efflorescences of sodimn carbonate and aulphate are 
common, and the concentration of alkalis in the soil in scune places 
is great enough to lower its Icrtility or to throw it completely out 
of cuhivatiop. In parts of Bombay^ Rajasthan, Baluchistan and 
the Punjab^ saline soils containing an excess of sociimn chloride arc 
conmon. Such condidons are not confined entirely to uppef 
India and Pakistan^ for barren^ soda^bcaring soils are widespread 
in die South Areot* Tiruchii^palli, Ghittoor, Guntur^ TinnkuTp 
Chitaldrug and other districts of south India. They aliu-t prevail 
in parts of the dry zone of upper Burma. The salty crusts which 
fotm on the surface of (he aJluvnnn arc known as Tih in Bihar and 
Uttar ftadcdi, as ihur in the Punjab, as chfwfd ehakit in Mysore and 
in Burma, and the crude mixtures of sodium salts TnAd**: Jrom 
them are tetmed rq/i maffi In northern India. 
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Sodium salta are proen t in al] gfoimd Mraum but ccnaiu opudl- 
tfcEis arc necessary before they rca^ toadc concentradom and give 
rise to efflorescences. Th&t cendidoni include a high water-table 
and a low hydraulic gradient, with a cmrcspondingly sluggish 
responsive movcnrciii of both ground and sur^e water When 
th^ C3dst in a monsoon climate which permits intensive evaporation 
during the dry season, capillary acdon soon brings the stagnant 
solutions to the surface, where their contents crystaUiac as the 
famiUar white deposits of the hist landsn It should be addedj for a 
true appreciation of this sexious problem, that the ground slope 
of many parts of the Indo-Gangedc plain is but one foot per milej 
and, furtheTj that water percolation from the great systems of 
irri^don canals has raised the level of the rrA-polluted, subsoil 
waters in some areas and by thus promoting increaKd c^'aporatian 
has resulted in an extension of the soda-bearing, nh lands. 

In days previous to the importatlan of sodium salts horn foreign 
countries, there was a thriving industry' in the extraction of such 
producu by^ simple processes of lixiviaiiim and solar evaporation 
and they w^ere used in the manufacture of crude glass and soap, for 
curing hides and skins and in tanning leather. Today these 
alkaline earths can still be purchased in die bazaars and they are 
hawked about the rcsidentid quarters of the town, whore they are 
used by dhpbir in tamidcring and by the poorer classes for the 
deanshig of cooking utensils and domestic purposes gencndly. 
In t934t ^ Ghosh found that crude soap was still bemg made 

from alkaline encrustations gathered near the hanks of the ^kh 
and Khari rivers, near Parantij, Ahmedabad district, Bombay^ 
where it was said to yield an anmial income of about two lakhs of 
rupees to its makers. 

The compositions of sotue nh soils, of itself and of the ssji 
matti made from it are given below; 


ANALYSES OF SODA SOILS. REH AND SAJI MATTI 
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B, G. GupLi baa described how m the Moradabad district the 
rth deposits fonn flaky patches, either in the form of crowded 
assemblages of small, crumbling cones, or as separate layers of 
salts, from a Ihijciian of an Inch to t i inches in thickness, in 
ihc soil and on its surface; both forms arc very liable to fall into 
impalpable powder and give rise to loose, superficial dost. This 
dust does not exist as extensive sheets, but occurs rather in small 
patches and plots, scattcfcd over the sparsely grasMcFVcjed, infertile 
land, Exceptionally, how-ev^er, as in the Lord area of Mccnit, the 
deposits are almost continuous, glUtcning white and incipicntly 
crystalline, oAcn upwards of three inches thick and with an avetagie 
of about one inch. The imdcrlymg sods of the areas concerned in 
Moradabad arc well compacted and appear relatively impervious ^ 
left alone the growth of nh upon them Is impeded, but periodic^ 
scraping by removing this protecting shield exposes a frsh surface 
to the hot sun and dry air, whereupon capillary forces again come 
into aetion, the salt^laden water reaches the top and effiorescence 
recommences. Itch growth is of course variable with the nunfidl 
of the monsoon and the aridity of the dry season from year to year* 

It ifi not possible to reach any clear idea of the total production 
of sqfi mn/h in northern India^ At one time upwards of 3,0OO tons 
used tq reach Calcutta annually from the regions around Banaras, 
Aaamgarh, Jaunpur and Ghazipur, It was also recovered, and 
^bably still is, fifom die neighbourhoods of Kanpur, Hathjaa, 
A^thura, Shahjahanpur and Debra Dun. In the western districts 
of Uttar Pradesh* the collecting season extends firom November 
tmtU the break of the following monsoon in June, the scraping of the 
encrust^ons and sweeping up of the dust taking place about ouoc 
a fortnight, and thus givmg tune for the gathering in of at least 
ten separate growths in six months. From the Hasanpur tahsil of 
Moradabad, a small Braction of its extcniive reft tracts, over 3,000 
tons IS rallected every season, providing the wTuheraen of the 
towns of Moradabad, Bi^or and Rampur with their detergents 
and the local tobacconists with a toning agent for their 
merchandise. 

The recorded output of * carbonate of soda * from the Phnjab 
in 1946 was 3,036 tons, but it Is very doublfuJ if this redly reptr^- 
collection for that year. In the Bdiawdpur 
bUte of PaJ^tan, mixtures of earthy sodium compounds and wood 
^ from a green shrub called khmr^ which flourishes on mud 
Hats where they are ewered with a thin layer of sand, are used for 
washing clothes. Saline efflorescences fairly rich in sodium sulphate 
tc™td occur in shallow basins of 

c Yadgir tod Makbtal talu^ Gulbarga district, Hyderabad, 
♦md have yielded soda for local industrici fimm very ancient lime^. 

1 hey are^U worked to supply the needs of the gWmakOT in this 
^on. The Wund’win township of the Meiktila district of Upper 
unna is one of the more important produemg areas in that country'* 
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The anauaL output for die whole of Burma used to vury betwoen 
3 ,€oo and 8^500 tons per annum. 

Many proposals have been suggested and experiments made to 
extract and utilb^e the sodium salts from these alkaline earths on a 
modem, commercial scale. Thus, from 160 tons of such earths 
from the Nejanti and Tadaklur ar^ of the Tiunkur district of 
Mysore, A, M. Sen obtained 13 tons of crude soda, averaging gg per 
cent of sodium carbonate and Q per cent of the chloridCj, which was 
sold to the Bangalore Woollen, Cotton and Silk Mills Ltd. There 
have been many trials in Indian glass w^orks but without much 
success. TheCovemmentof the United Plrovintcs (Uttar Pradffih), 
about 1918, started a demonsuation factory and marketed soda 
ash made from rth soils, but after being handed over to private 
entecprisc the w^orks dos^ down about igaa. 

Various exaggerated estimates of the extent and potendaUdes 
of the reft soils have been made in the past* some based on no more 
accurate ohseryatlons than those made from a railway train^ but 
J* B* Auden and B. C. Gupta supplied a needed corrective to these 
by their detailed, systematic work in 194.0-1. These observers 
concluded that the potential^ annual, production of sodium salts 
from the rifft^infested soils of Uttar Pmdesh amounts to a total of 
1,400,000 toui^ made up of sodium carbonate 500,000 tona, sodium 
bicarbonate 600,000 tons and sodium sulphate 300,000 tons* adding, 
however, t^t only the easily acewible patches can he regarded 
as economicaily workable and offering no opinion on the costs of 
extraction, compared with competing supplies. The opinion of 
Dr D. N. Wadia is final : * Although the quantities involved are 
very large/ he states^ ' these natural salts are distributed over such 
large extents of nui^ce soil that their conccniiation is not found 
economical/ 

Crude sulphate of soda, or ts made in the north-western 
districts of Bihar—Muzafikrpur, Satan and Champaran—which 
are afro saltpetre-producing areas. During the 14 years* 1906^ to 
tg^3-3 (no f^rcs being available for I9T&*I9)^ the total out-turn 
wp ^I 07 p 85 l valued at Rs 49,3^102, of which the three dis¬ 
tricts in the order named were lesponsiblc far 6®, 27 and e i per cent 
respectively. In l9a3--4 and 1924^5 a further total of 20*778 tons 
was recorded, hut after that tiEue the collection of the returns was 
suspended* owing to the withdrawal of certain official restrictions 
on the nmnufecture of saline substances. The chief uses of khmi 
are for preservii^ hides and as a veterinary medicine. There are 
said to be extensive soda efflorescences in southern Bihar, particularly 
south oTMawada, In Gaya* and in the Sheikpura region of Monghyr. 

The brines of the salt lakes of Rajasthan contain the carbonates 
and sulphate of sodium as well as the chloride, or common salt. 

the ca^ of Lake Sambhar, with its 9^ square miles of area, the 
brine which fills Ae otherwise dry bed in the rainy season varies 
little in composition from year to year, and its residue contains 
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about S6 per cdt of salt, 10 per cent of sodium sulphate aud 4 por 
cent of sodium carbonate. The bitterns, or mother liquors left 
after the salt has been removed, cantain ftom &3 to 66 per cent of 
the chiotide, at to 23 per cent of the sulphate, la to 13 per cent of 
the carbonate and from nothing to 3 per cent of the bicarbonate 
of soda. These bitterns are pumped mto reserved areas, and in 
one of them, known as the East Lake Area, J. B. Auden has esd- 
mated a reserve of 1,700,000 tons of sodium sulphate. * It is *, 
he writes, ‘ that the quantities of sodium sulphate and carbonate 
liberated as potential by-products during the production of common 
salt are large. An annua] production of 200,000 tons of sodium 
chloride at Sambhar would appear to involve the release every 
year of apprcnimately 23,000 tons of sodium sulphate.' 

Furthennore, there are known to be some 50 million tons of 
crude sodium chloride available in the upper is feet of mud which 
forms the bed of the lake, and if the other sodium salts arc p resen t 
in the same proportion as in the lake brine after crystall^tton, 
Auden has calculated that 5,800,000 tom of sodium sulphate and 
2,300,000 of the carbonate are available here. 

The subsoil brines of the Didwana lake, in Jodhpur, with an 
area of about 4 square miles, contain sodium sulphate in the 
same ratio to chloride as the bitterns of Lake Sambhar, though the 
quantities of carbonate and bicarbonate are smaller. J. M. 
has estimated that for cve^ roo ions of salt produced, 25 tons of 
sodium stdphate arc obtainable. According to H. B. DunnjdifT, 
rich deposits of anhydrous, crystalline sodium sulphate, containing 
^ per CCTt NajSO^, and known locally as nkt, occur here. This 
13 the mineral species thcnaidite, well Imown in connexion with 
^t lakes in ot^paru of the world, and first recognized from 
Didw^ by E. W, Vredenburg in 1904. The impure salt from the 
Pachbhadra basin of Jodhpur contains 21 per cent oflhe chloride 
and 67 per cent of the sulphate of sodium, betokeniflg the presence 
of considerable quantida of the sulphate in the local, subsoil brtno. 

Until opexadons ceased in 1930, sodium carbonate had been 
won for centuries finm the water of (he shallow Lonar lake, on the 
southern border of the Buidana district of Berar, and from the 
alkaline mud which covers the hoBovir in which it lits, as its waters 
mede in the hot sea^. It was first described by J. E. Alexander, 
in 1824. G. E, Smith, writing in 1850, stated that operadons had 
not been carried on regularly since 1836, when the output was 
about 460 tons annually; and in later yean, like so many other 
indigenous industries, it was unable to compete successfully against 
cheaper, imported substances. Over the years 1900-13, a tt^ of 
446 tons, valued at Rs 16,719, vms ptnduiid, followed by a btanlf 
period which lasted nine yean. A revival occurred in 1033 with 
an output of 600 tons, worth Its 23,730, but it was not sustained 
«the three following years only yielded a total of 155 tom. Work¬ 
ing was in abeyance between 1927 and 1939, and an otit-tum of 


so D tv H COHPOUJNDft 


5*7 

IQO tons in 1930 ij the Iasi recomdecL The lake has an area of 
^ acreSj as measured in Marchp 1910, and as the watfrr evaporates, 
various crops of crystals, known under different local names, arc 
formed on the bottom. They vary m composition^ but the relative 
proper Lions of sodium carbonate and bicarbonate are similar in all 
of them and seem to consist of the definite compound uiaO;p 
known as trona, NajCOj^KaHCOj.aH^Oi mixed with varying 
amounts of sodium tJilaride and other impuritica. W* A. 
Chnstie calcubted that the total quantity of sodium carbonate In 
the brine was about ^|OO0 metric tons, while the upper i| metres 
of the mud confined a further 4,500 tons- He believed that the 
sodium is derived from the basaltic rocks of the neighbourhood^ 
which contain r ■ 74 per cent of sodium, while an uniimited supply 
of carbonic acid is available m the atmosf^ere and in percolating 
wntm which leach out the alkalis from the parent ro^ as carbo¬ 
nates or hicarbonateSi 

A few tons of soda are made annually in the Ladakh region 
of Kashmir;^ presumably from the waters of the alkaline springs 
known to e^dst therea^uts- The brine from the salt well at 
Bawgyo^ in the northern Shan State of HsLpaw^ in Burma, containi 
about 35*5 per cent of total salts, an analysis of which showed 
60-411 per cent of sodium chloride and 36-554 per cent of sodituD 
sulphate. It has a possible production of about 70 tons of the 
sulphate per annum. 

The soda industry of Sind, in Pakistan^ was investigated by 
Gi dc P+ Cotter in [9 eS^] 9^ who states that it ha^ existed from tlwut 
immemorial. On a Survey of India map published between i860 
and 1863, one of the lakes concerned is mar kVd * natron-^pmducbig V 
The dhands of the Sipd desert arc shallow lakes occupying suitable 
sites which have not been covered by the surroimduig sand-hiUs. 
Water percolating Into them from the bsaal layers of the surrounding 
dunes carries the salts in solution, which yields a thick crust of 
fhaniho after the periodical desiccation of the dry season- Analyses 
of cks^fto Vary a great deal, and in this respect resemble those of 
teA. A Ibt of a large number shows sodium carbonate tanging 
between 33 and 47 per cent, the bicarbonate between a 1 and 33 per 
cent;^ the chloride usually under 5 per cent and the sulphate from 
under t to 5 per cent. Samples from some dhnndsj however^ may 
contain from 30 to 5f0 per cent of the sulphate, and in extreme cases 
evtm. more. Cotter believed that the conversion of the sulphates 
in the waters into carbonates is a result of bacitcrial action, brought 
about before the salts reach the dlumds themselves. This is a m od i* 
hcation of a theory advanced by E- Sickenburger^ in the case of the 
alkaline lakes of Egypt. Some of the bigger dkmds contain Laj^ 
quantities of stxla: the two largest, PUr Chanda and Khariri, 
probably have up to 25,000 tons each. 

The dhandr can be divided into two groups: the first, or Nara 
group, ii located in a belt of country, 10 to 1 a miles wide, bisected 



MlNltltALS tJiCiD IN IKPUSTftY 

by the Na.ra river and extimding from the south of Khairpiir State 
into the Nawabfihah taluk and the Thar Farkar diftrict of 
eastern Sind; the second group lies east of Kot Jubo* in castcni 
Khairpur and close to the border of JaisalmcTj in ^jasthan. The 
Thar Parkar district has not yielded chmiho since 1899, as the 
dfumdr have become dry as a remit of canalization. Taking into 
account both groups of the Khairpur State, Cotter found 30 pro* 
ducing and 40 dry dhandSf, as well as 30 which in that particular 
year happened to contain excessive water^ In addition to these 
there are many more from which soditim salts have never been won 
by the methods praetbed Locally^ In the Kawabshah taluk, the 
corresponding fibres were 3 pne^ucing, ao dry and 4 dhmds with 
exo»ivc water* Over the last period for which informatian is 
avaibble* 1939 to 1943, the total number of producing dhmds 
varied between is and 3^1 with an annual average of 25 dhsfuls* 
On the other hand, a recent puhlication of the Geological Survey 
of Pakistan static that * in Sind and Khairpur State there are 
hundreds of shallow lakes from which soda is recovered 

The annual production of irhjjuh& is ^uite erratic^ and as the figures 
given in the tabic below show^ has averaged from under 1,000 to 
inore than 4,000 tons per annum over the period for which statist 
tics are available* For fuller accounts of thf" natural sodium 
compounds. Dr M. R. Sahni^s comprehensive paper on Alkaline 
Soils and Lakes of India should be consulted* 
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The local demand for this crude mixture of sodium salts is not 
largCi thou^b it is used to some extent in cookingp for converting 
sugar-cane juices into molassB, in the curing of tobacco, in lainider- 
ing and tn soap making, but the tsulk of the muieraJ reaches Karachi 
for export- The export trade in prowar years was about equally 
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divided between Itidkm coastal ports» particularly those of 
Saurashtra^ Bombay and Madras, and foreign comicrics^ among 
which the Arabian States and Aden accounted for by far the greater 
pFoportiem^ leaving the remainder for Eritrea, C^lon, Iran and 
others. 

The importation of sodium compounds of foreign origin 
continues to increase and the next table mdicatjcs this growth over 
recent yeara for the three main items, sodium c^bonate, bicarbonate 
and hydroitide (caustic soda). ^ 
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Berore the last war^ imports of sodiiim darbonate (soda a^h) into 
India were of the order of 65,000 tons per annum and tht^ came 
mainly from the United Kingdom, Magadl in East Africa:, the 
United States of America, Italy, France and Japan. By the fiscal 
year 1^7-8 they had risen to 67,940 tons valuec i at Rj 1 * 3 = 174 . 95 ®* 
and in 194B-9 to i&2,594^ tons and Rs 5,3i,39,ooo» Tabmg the 
home production into account, about 107,500 tons of sodium carbo¬ 
nate were consumed in India in 1944, and of this 44^6 per cent was 
used for general detergent purposes* and S3-3 per cent in the 
manufacture of glass; the paper industry took 11 m per cent, the 
tortile mills 8-4 per cent, the ordnance factories a ^8 per cent and 
the remaining 9^8 per cent formed a shirting point for other sodium 
compounds^ prirtcipally the dichromate and the silicate. Soda 
ash, as the Tarifi^B^d stated in 1949," is of such basic importaoce 
that the quantum of its consumption is often ncgaided as a tritcrlon 
for the industrial development of a country ** In addition to the 
uses already mentioned. It is employed in some processes for the 
manufacture of caustic soda, as a basis of many soap powders, 
in boiler compounds for the softening of water,^ in the manufacture 
of dyes and printing inks, in the processing of rubber and leather, 
in assay operations as a basic flux and in ferrous metallurgy aa a 
desulphurizing agent of pig iron. Sodium bicarbonate, of which 
India consumes some 7,000 tons annually, is stated by the Heavy 
Chemicals Panel to be used cihicfly in medicinal preparations, food 
materials and fire extinguishers. It is also a constituent of baking 
powders, Seidlit^: powders and some mineral wateci. 
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or caustic joda, the Heavy Chanical PaT^tl of the Planning 
^ Development Department of the Government of India wrote 
^ * 9 ^®* * No coim^ can aiford to depend on imports of tWi 
essentia] chemical m recommending the stepping up of Its nxanu- 
facture as early as possible- At that time* imports were over 45,000 
tons per annum, and the existing manu^tturing capacity only 
iii,6oo tons per annum, though it has since been increased. Large 
quantities are used in die manufacture of soap and artificial sjfl^ 
in bleaching and dyeing, in the refining of oQsp m rhf pre pa ration of 
mi^erizcd cotton, dyestuHs, explosives and vegetable ghee, in the 
pulp and paper industriesand* of special Importance to IndiUp in the 
treatment of bauxite, preparatory to i is use as a source of al uEEunium- 
^ ^The commercial uses of sodium sulphate (Glauber^s Salt} 
include the manufacture of glass and paper^ the dyeing of cotton 
and wool, the manufacture of sodium sulphide and thiosulphate 
mct^urgical treatment of the mixed ores of copper and 
has vanoui tnedicnial applir^tionii The pre-war 
c^^ptJon in India was between 3^000 and 4,000 tons annually, 
w which the home production, accounted for atout s,ooo tons and 
the remainder was imported. 

imported sodium salts included the following, the figures 
m brackets representing the approximate pre-vrar ann ual lonnages: 
sodium sulphide {a,ooc^,ooo tons), used for the removal of hair 
tanning, as well as for other purposes | sodium 
^pbJie (iM), thiosulphate (500), hydrosulphitc fi,6oo), cvTuiide 
{aoo}, tetraborate (1,600), ^ ^ 1 ? 

™ alkali industry in India have experienced 
m^y difficumcs. The Magadi Soda Co. erected a plant at Budge 
nw Calcut^ but soon went into liquidation, about 1935* 
pe S^i Shakti Alk^ Works wm estahliihtd by the Dhrangadhra 
o^le, in Saurashtra, in 1933, to manulacture soda ash by the ammo* 
ma-^a process firom s^t obtained from the local brine wells; 
continuing on an experimental basis for a few years, they were 
do«d down tn 1931. Operaiicro were resumed after larHe-scale 
^tcT^oru in 1940, under tide of die Dhrangadhra Chemical 
Works Ltdj m a plant designed to malce tB,otxi tmu of soda ash 

to >94^, 1 i4,451 tons had been 
made* Work vras suspended in April 1949. 

i. Ghenucals Ltd planned the estabUsfiment of a large works 
a Mi^pur, m fiaroda. In 1939, where various heavy chemiralr 

^a, chlorine, bleaching powder, and 
hydrochlmc add, v/m to be made &om salt obtained ftom sea 

^ capacity of 50 tons, was 
anw in 1944, worked mtermittendy for about three years, was 
^aignt^ and tesui^d Gondnuous operation towards the end of 

t^^of sod-J^K^i ™ tuming out 19,367 

f* u ^ as w diat of the previous one, large- 

ports of the foreign product brought work to a standstill. 
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The works of the Alk^i Chemical GOrpoTatlon Ltd are at 
KhfWTBp in theJheLum district of West Pakistan, but no details arc 
available regarding them 

The annual demand for soda ash at present has been varLously 
estimated at from 90,000 in 130,000 tons per annum (the latter 
figure uicluditig Pakistan). The rated c&pneity of the two Indian 
works mentioned is 46^000 tons per annum. In February 1950^ 
the Government of India raised the duty on imported soda ash to 
40 per cent ^ irclorm in the ease of a British colony and 50 per cent 
if manufactured elsewhere. At the same time the two companies 
mentioDcd above %vcrc granted a subsidy of Re i per ton* 

BORAX 

Borax, or tincal, is a hydrated borate of socUuni, 
loH^O, containing g6^6 per cent of boron trioxide when fresh and 
69^3 per cent when its w^ater of crystal Jiaation ii removed hy caJeU 
nation. It arrives in India from Kashmir and westem Tibet 
in the form of lorgCp transparent, monocUnic prisms which soon 
become dull and coated with a white, earthy layer ofa lower hydrate, 
NajO.aBiOj.^HjOilhc mineral tincaJeonite. 

The region from which the borax is derived stretches from the 
valley of Ac Puga, a tributary of the Indus, in Rupshu, eastern 
KasjWir, info Hundcs, in south-western Tibet: between Rudok, a 
town of that region, and Thok Jalung (famed for its alluvial gold 
workings), and again, between it and the sacred Lake Manasa- 
rowar, and pardcularly between Roksuxn and the Chaka lakes, 
there are belje^ed to be several large borax deposits. In the Ptiga 
valley, at an elevation of 15,000 feet, borax, associated with sulphur, 
is deputed by numnous hot springs and tc is not improbable that 
the mineral occurs in other parts of I^dakh, In Hundcs, both 
borax and common salt are obtained by lixiviating the soil from the 
borders of desiccated lakes in which they seem to form thick encrus¬ 
tations. The boron compounds here, as in other parts of the world, 
are connected with hot springs, solfaiaras and the fumaroles of 
exhausted and dying volcanic activity* The exhalations of boric 
acid from them appear to have formed sodium and calcium borates, 
which in normal circumstances would have been carried away in 
solution. Instead of this, Ln these slowly desiccating regions, they 
have been concentrated, probably over long periods of time, in 
the inany shallow lakes which receive their intermittent saline 
supplies from large areas of enclosed drainage. Under the pre¬ 
vailing arid conditions the salts are eventually deposited on the 
bottoms and sides of the lakg-s themselves. 

The earliest mention of the existence of borax in these tmns- 
Himala>ran regions by a European writer was made in 1563, and 
three communications regarding them were made to the Royal 
Society in London, In 1786, 1787 and 1789. Statistics ofihe imports 
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and sales date back to 1813, and in 1854, Marcardieti was deptited 
to examine the PUga deposits on behalf of a syndicate of English 
potters. The high-water mark of the trade was reached about 
1885, when the imports into India across the frontier totalled about 
i,6w tons, of which over 1,000 tons were exported, chiefly to the 
United Kingdom. The export trade to Europe succumbed soon 
after this owing to the discm'cry of the natural borates in the United 
States of America, though India conttnued to send the mineral to 
the Straits Settlements and to Hongkong, Transported over 
the Himalayan passes on the backs of sh^, the crude borax 
reached the plains of Uttar Fradcah to be refined at Ramnagar 
in the Naim Tai district, and elsewhere. The much smaller 
qualities fi-om Ladakh reached Jagadhri, in the Amtiala district, 
And the entrepot of the Punjab 

Froifii the be ginnin g of the pros^nt: century onwards until the 
rauuution of ijans-fronticr trade was discontinued in 1925, and 
figures for the imporEs of borax became no longtr ^avaiLable the 
trade was remarkably steady, a^-traging a link over 1,000 tons per 
^um, 95 per cent of which came from Tibet and the remainder 
fifom Ladaw and ecntml Asia^ the value of the mincira] at the close 
of the period being Rs 496 per tom Most of this was sJiippcd 
through Calcutta to Singapore and Hongkongp but the export 
trade slowly dwindled away. In the period «pom still 

avmged 105 tons per annum, in the ensuing period 1929-33 they 
had shrunk to 61 tons, and ten yrats later still further to 43 tona* 
valued at Rs 12^17; continuing from that lime with an aumial 
a^Tiage of 30 tom, they ceased for all practical purposes in 1042, 
though insignificant amounts left ^dia again in 1947 and 1949, 

At the same time the annual imports of borax from overseas 
ha\tr increased, firom an annual average of 1,076 tons in 1929-33, to 
1437 ^ 934 -®, 1 . 57 ® tons in 1938-43 and 3,292 tons, valued at 

^ * 9 + 3 ^- India's consumption of borax b now 
belicvm id ht abou 1 tons per annum and it b imported tnainly' 
from the United States of America and Italy, 

The r^cttable absence of any trade statistics after 1925 Tivafewt 
it impossible to evaluate the ebb and flow of trans>ftontier borax 
mpom since then. Inquiries from the Indian Trade Agent in 
Wtok, weslem Tibet, in 1951, elicited the reply that very little 
borax IS bemg exported from western Tibet to India owing to the 
low priM ruling in the Indian market and that during the trading 
season June to December 1950. only a little over 3 ions was sent 
- however, the Deputy Commissioner 

01 JNa^ Tal kindly informed us that 150 to iBo tons ofborax was 
brouglu to Mandi Tanakpur (in the Naini Tal district) from Tibet, 
j-Darma and Johar^ and about 40 tons 
t<j Majidi Kamnagar j while according to the Ikpuly Commissioner 
oF Almora, about 170 tons of borax were imported iato Almora 
t rough Bhot Pattis during the 1950-1 Imports through 
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GsLrhwAl and. Tchri Garltwal h^vn cc33cdl+ When the extreme 
isolation of the borax lakes is borne in mind, logeihcr with poliUcaJ 
conditioDS w^hich render their examinatton and development 
impassible, and the almost insuperable dllHcultics of tranaportaiion 
over the highest moimtaim in the world, the wonder is that the 
trade stiil papists. 

Borax is a mineral of very diverse industrial utility. It is con- 
iumed in lar^ge quantities In the preparation of the vitreous, 
enamelled coating^ of iron and steel castings^ such as baths, basins, 
Stoves, refrigerators and kitchen utensils. It is a constituent of 
many cenmnio glares and of various types of glass. The Pyrex 
glassy, for instance, consist mainly of silica and boric acid with a 
low alkali content and no metallic oxides;. They are tough, hard 
and heat-resistant. Such propeiticSp and thetr low co^Rcient of 
expansioTi, lead to the employment of the borosiliente glasses for 
cooking utensils and bbo^tory ware, as well as mcrcasingly in 
dairies, chemical works and fc^-processing factories. 

Owing to its fusibility and power of diwlvihg many oxides, 
properties taken advantage of in the borax beads of determinative 
mineralogy, borax is a v^ued fiux in assaying, in the refining of 
bullion and Ln the soldmng, brazing and welding of metals. As a 
detergent it is employed m laundering, in soap manufacture, in the 
textile trade as a cleanser, soLvent-blcach^ mordant and fire¬ 
proofing agent, in paper-mo^g for surface glazing and in Leather 
manubcturc as a neutralizing and finishing medium. Sodium 
perborate, NaBO^^H^O, a derivative of borax, has strong oxidiz- 
mg properties and is used in large quantities in household washing 
powders, denture cleansers and toilet preparadons.. 

The mildly antiseptic properdes of both borax and boric acid 
are utilized to preti'ent rancidity in glues, pastes, starch and similar 
organic preparations, and to inhibit the growth of moulds on stored 
finit. These properties also account for their wide application Ln 
pharmacy, cosmetics and medicine, as dusting powders^ lotions and 
ointments^ gauzes and lines; eye and mouth washes, dentifrices, 
deodorants, etc. Other compounds are used as dryers for oik and 
paints, vomishes and printing inks. It is believ-ed by some agricul¬ 
turists that traces of boron in the soil are essentia] for plant 
growth and that its presence therein pm-ents certain disease in 
root crops. 

The element boron, added to steel in the form of ferro-boron, 
has a hardening efiect, producing the so-called * intensified * steel. 
Other alloys arc used as dcoxidi^ix in the casting of certain non- 
ferrous^ metals such as the brasses and bronzes. Boron carbide 
BjC IS harder than carborunduin and has many applications as a 
strong abrasive in situations where intensely hard surfaces arc 
desirable, os in sand blast nozzles and extrusion dies. Owing to 
its high absorption of neutrons, it is used in the form of rods to 
control the operation of atomic rcacton. 



5=4 


UtNERALS USED IN INDUSTRY 


Tlic grc^i buUc of the world’s supply of borax, amoimlbig to 
about 94 ^ cen^t of the total production in pre-war years, 
from the United States of America, where it occurs with magnesium 
and potassium compounds in the brines of the Scarles Lake of 
and « kcmite. a hyidiaicd sodium borate, Na, 0 .aB, 0 .. 
4HjO, in a bedded OTJts of Tertiary days in the Mohlve Doen 
of the »me State. The hemile here is believed to have been fonned 
^ rc^-stdUzation induced by increased temperature 
and pn^e, and milhons of tons are available as the deposit is 
rJr‘S ™fL ’ ™ir'' fwt thick, tying from 350 to Boo 

aCaO n^n * ^P®*'** hydrated calcium borate^ 

at.iaiJ,3u,Uj.5HjOj occur mterstratihed with Tertiary lacustrine 
^ parts of Califoniia, and until the discovery of 

^ Important source of supply. In JO47, the 
United States produced 44B, 150 tons of bonitesi 


TALC, STEATITE AND PYROPHYLLITE 

T ?“P**®”* *f compact, often impure, imictureless 
]Sin%4 n 1.® silicate of magnesium, sMgO. 

^lO^HjO, which possesses the distinction of being the softest 

*' ^ ^ characteristic soapy feel and is 

^ ^fraphyllite u a hydrated silicate of al timmi um, 

.lirfTrL k j occurs in compact masses, very 

^ indistinguishable from it without 
claborete optical or chemical tests. 

of ^ distributed amongst the crystalline rocks 

oL^^v^f ^ potstones which have been 

q^ed for centuries to be carved into Hindu culinary utensils, 

Oec«ionaUy used as a building stone 
cmtilnv^ ^ciiOD of tempica and palaces^ it has been more oflcn 
mp%ed for the finer decorauve work, or for the fashimiiTig of 
Jl^ges. It ij cstcnsivdy used in the omamentation of temples in 
eS~ parts of the Bellary district of Mysore, and 

cohere. O^cr mmor uses of stinilar materials include the 

<«P«:ally in Burma), cups, vases, 
^els figurines and general bnc-^-brac. * Small idols’, states 

In'dSTi; ^ numbers at Puri and carried all over 

tW' Lr ®IIf“ ^ nicmcntos of their visit to Jagaanath,* and 
be a trade of considerable tmt^r^X^eS 

^Sie ornaments of the curio shops in Indian cities, 

Cantonese of the itinerant Chinese traders 

sS a variety of pyrophyllitc. 

^ ^ appheauons in industry. Jn the massive 

arid-proof table tops, 

laWte^I^dry and kiwhea sinks, tubs and tmks, as wcUm 
into linings for furnaces and stoves, for it can be sawn, turned or 


machined into any desired form; it is a bad conductor ofeleetircity 
and heal, is unconuuDoly resistant to the action of acids and corro¬ 
sive melts and it hardens when heated to a high tempesatuie, llie 
hard-baked form of talc, misleadingly termed ‘ lavahas long been 
employed for the tips of gas burners, and the first inquiries for 
Indian talc from abroad, in 1886, were for material to be used for 
this purpose. Within the last few years pure talc of lava grade 
has assumed a new importance owing to its adoption for the pre¬ 
paration of low loss ceramic materials esjen tial for all radio, radar 
television and related instruments. Gut blocks of the solid i^cral^ 
ojmpact enough to be intricately machined and threaded, or talc 
in the powdered form, free from impurities and capable of being 
die-pressed in a dry or semi-dry condition into the complicated 
shapes required by the electronic ind ustry, were of critical, strategic 
importance during the last war and commanded prices far in 
advice of all other market varieties. Talc and the clino-enstatite 
bodies made from It have better di-electric properties >hnn porcelain, 
as well as greater compressive and impact strength. * 

Talc is soft enough to m^k cloth and is used for this purpose 
in the tailoring trade; its lesistance to htsat accounts for its use for 
marking purposes in steel works and foundries. Over 90 per cent 
of the world’s output of tale, perhaps amountbg to about haif a 
million tons per annum, however, is marketed in the form of fine 
powder and is widely employed in the paint industry as an extender; 
in ceramics for the itianiiraciure of porcelaiiu, saggar bodies, 
enamels, tiles and refractories; as a filler for rubber, plastio, lino^ 
Icum, asbestos producu, textiles, polishes and soaps; as a loading 
agent for papers of all kinds; as a coating for roofing materials; as a 
dusting agent for foundry facings, glass and rubber moulds; as a 
lubricant in many mechanical operations; as a carrier for insec¬ 
ticidal dusts for both personal and agricultural employment and 
as a scourer for food grains such as rice and barley and for beans. 
The purest white kinds, ground to the consistency of fiour, are the 
French Chalk of commerce, the basis of many cosmetic and toilet 
preparations in which the absorbent properties of the mineral arc 
utilized. Talcum powders and face powders, though they account 
for little of the total output in quantity, doubtless represent a com¬ 
paratively high proportion of iu value. Some idea of the impor¬ 
tance of ih^ minerals may be gained from the fact that by 1944 
the domestic output of ground talc, soapstone and pyrDphylliie in 
the United States of America alone was worth more thM 13,000,000 
^itd this figure does not include the value of cut-dimension soapstone 
or of imports from other countries, 

Although steatite is widely distributed amongst the meta- 
morpbic rocks of India, many of the occurrences are small ©f consist 
merely of potstones derived from the alteration of basic and ultra- 
basic rocks, so that in the existing state of our knowledge of them 
only a few deposits can be classified as of really good material. 


536 UINERALS USED IN INDUSTRY 

These include those of Jaipur and Mewar (Udaipur) in Rajasthan; 
of Mutssukota, near Tadpatri, in the Anantapur district of Andhra 
and of the Marble Rocu, near Jabalpufj tn Macihya Pradesh; 
in each of these cases the mmcral ts believ^ to have been formed. 
by the replacement of dolomite. 

Three Jocalities in Jaipur haw been described by A. M. Heron: 
at Dagotha^ a pure, milky-white to pale green talc is found as large 
pockets in one of the highly ferrugmous portions of the Rnialo 
Limcsione; quailed on a ^ly large scale, it is transported to 
Dausa to be milled and dispatched to various consumcis both 
injand and overseas. In the Morra-ka-Dungar HilJs, of the 
Hinduan district of Jaipur, a deposit which was mentioned by 
^ekett in 1880 estends for five miles in the form of richer pockets 
in a stratum associated with talcosc schists, though at Glsgarh this 
bed is only a feet thick and the quality of its talc inferior to that of 
Ekagotha. The most important deposits in Mewar are those of 
Ghevorta (Jeoria) which are exploited by the Udaipur Mining 
and Development Syndicate. They are reported to occur in a 
belt about a miles long and half a mile wide, yieldittg a very pure 
mmeral, varying m colour from white to pale yellow and green. 
It is almost amorphous and, after sawing into blocks X 3! X oi 
inches, is dispatched to the United States of America and other 
countries; it is presumabiy the variety known on the American 
market as Indian Slock Tsde. The waste from the cutting opera~ 
tions is ground in a plant near Bhilwara, 25 miles west of Ghevoria. 
B, B. Gupta has reported that further deposits of variable quality 
used to be worked at Rikhabdeo and Khandmin, in Udaipur. 
Steatite h^ also been produced in Ajmei>Merwara, in both the 
Ajmer and Beaw-ar IcAiUs: in Banswara, and from the Jakol and 
nci^hbourhocKb of 13 uiiga.rpiiT^ The mirier^ is also fbiind 
m association with white marble near Jhiri, in Alwar. 

Ofwvcral li^ities in Madhya Ptadesh, the best known is that 
of the Marble Rocks, where t hg e is a group of quarries in and 
the village of Bhcdaghat and aornc noJJcs frota Jabalpur^ 
pie mineral occurs in steeply dipping podtets in Dharwarian 
doloimtcs, IS usually slightly schistose and snow-white to pale green 
or ^lepmk tn colour, Tlie deposits have been worked from time 
to t^c below high flood le vel on the northern bank of the Narmada 
^d yield a good, fine-grained materia! though it is somewhat high 
m non contmt. To the south of the Narmada there ate further 
deposits at Go wan j Lalpi^ and aear Rupaundj m the JaJbalpiir 
dUtncL Near Kilekora^ in the Drug district^ th«e is another 
^unroce which, dioiigh now largely exhaust^, still supports a 
rloimshmg cottage industry engaged in the manufacture of hou^- 
rioM potstone utetuiU* 

The bulk of the Andhra supplies come from the Ncllquc district, 
whi^ talc rock is found near Jogipalli, while talc schists are asso- 
ciaicd with mica schists on the right bank of the Fcrmer river 
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between Kaluvaya and Thalagapur. Among the occurrences of 
Salem in Madras State, the bed of compact, white steatite urhich 
crossQ the hilt known as Isvara Malaj, south-east of Isvara^ 
murtipaliuyajn, has been worked extensively at Tandakkavundanur 
about ty miles south-east of Salem, while in the Qmalur taluk of 
the same distiict about aoo ramilies are said to be engaged in 
carving potstone into household utensils, images, toys and 
articles, which find a ready sale in these parts of Madras. Ranking 
high amongst the deposits of Andhra are those of the Mnmukota 
forest of Anantapur, about 14 miles from Tadpatri. Here, bands 
of pale green talc are bedded in a siliceous dolomite and the 
seam, with a thickness of about I0 inches, is mined by pillar and 
stall methods at a depth of 40 to 50 feet below the surface, being 
undercut by hand labour and extracted in blocks of as large a sire 
as possible. Some of these are of ' lava ' grade and have been 
carted to the United States. According to M. S. Balasundaram, 
high-grade talc also occurs af miles north-west qf Madugupalle 
in liic S2;mc 'T^rilpatri UiIuIl Wtiitc- i&iicl ^iiTt.n vi^iTjcti-ra ore* nlso 
obtainable at Musalay>’achcmvu, 6 miles north-w«l of fietam- 
cherla, and also at Maddavaram in the Kumool district, where die 
shales of the Pitpaghni Group arc very magnsian, ' some of the 
layers stated W- King. ‘ being nothing else butfinegrey and greenish 
steatite’. These deposits were worked on a small sc ale some 
35 years ago and part of the output was sold in the United States. 
They are now exploited by the South Itidian Mining Co., who also 
lease the Mutsnikota deposit and prepare the minerai in the 
powdered form for the market. In the Cuddapah district sttatiie 
is quarried at Kothagangireddipalli in the Nandimatigalem talnk. 

Soapstone is quarried at Mctpally and Nittoor, near Pcdapally 
in the Kariinnagar district of Hyderabad, and after being cut retite 
requisite sires is used by the Sirpur Paper Mills Ltd in lining wda 
recovery furnaM. Material from a hilt about s miles north-west 
of Kulkulapaili, in Nalgonda district, is carved into stoneware for 
1(^1 usage, while talcose rocks near Singareni, in Waran^ 
district, are used for slate pencils, ink stands and the like. In the 
past, coarse and impure talc schists have been extensively employed 
in Mysore for architectural purposes and today cut f^om 

Hassan are used in paper mitis for furnace lining. 

Soapstones and potstones abound in certain parts of Bihar, 
although soft chloritic schists and decomposed basic rocks are ofteai 
used as potstow in addition to the true takose rocks. In the hilt 
rengte extending along the whole of the northern bound^ of 
Sipgnbnum, the Ranchi bonder to the- Midnaporc dubrict 
of West Bengal, potstones foimcd by the altmdon of the Dalma 
lavas and ultjrabasic roclts are worked locally. PamUd with the 
copper Mt, and stretching from cast to west across SUiEhbhum 
mre south-eastern Dhalbhmn, there is a aeria of steatite and 
schist ocenrrenoes. The better of these lie in the hills north-west 
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of Bhltar Dhori^ where talc is accompanied by magnesitCp while 
one of the largest potstone deposits h situated to the west of 
MahuUsoh about 4 miles south^south-east of DhaLbhum^h. 
Steatite and potstone resulting from the sdteration of ultiabasic 
rocks also occur in the hills along the bonders of Dhalbhum and 
Mayurbhanjp striking north-wcat from Kundarkocha towards 
Seraikcla and more especially near Raghabdih, Kuardih and 
Kadal. The mineral is also to be found with the rocks of the 
chroiniic area to the west of Chaibasa and has been quarried at 
Nurdap tS miles to the south of that town. Steatite deposits are 
worked near Isri station^ west of Parasnathp in the Hazaribagh 
disOTJCt, and supply bricks for the alkali furnaces of the Indian paper 
mills as well as large slabs up to 10 or 15 feet suuare. In the Santal 
Parganas, there are soapstone quarries 4 miles north of Jasidih^ 
and others where a pale green, opaJeseem s-aricty is won, about 

miles south-west of Bhaludtingri in Bcnai, Orissa. Id other 
parts of Orissa, ^cre are large steatite deposits some five miles 
beyond KollarUj in Koraput^ where a massive variety is found as 
bands in quartzites and hiotitc gneisses^ The occuirenccs of 
Antigam, ^pf^iguda and Kfinoroballi, in the same dlstrictp appear 
to be of pMrw quality* At Mahamuhan, in Balasore, a talc- 
tremolxtc rock is ahundwt in a hill to the north of the village and 
has been worked for many years as a source of potstonei Steatite 
is also quarried in the Sundargarh, Keonjhar and Nilgiri district 
of Orissa. 

The material marketed as * steatite * from Gorahri, b Hamlrpur, 
and from the vtcuiltics of Bijri and Dhankua^ in the Jhami district 
of Uttar Pradesh^ is actually a form of pyrophyllite, but the State 
possesses deposits of good^quality steatite near Fithorgarh, m the 
Almora district* Pyrophyllite is also reported from Narwara, tn 
the former state of Gwalior, Madhya Bharatn 

In potstone is known in both the Dharwar and 

Ratnagiri districts, while a large deposit of very fair quality was 
located by a S* Middlemiss between Kundal and Dev Mori, in 
ldar« This extends for more than, a niilc with a width of over 
200 feet, so that to a depth of only 20 feet, some 2,000,000 tons are 
available of finely schistose^ moderately hard and fairly pure, pate 
blue or pinkish grey material. Further deposits are known at 
Ishri and Bhanmer, also in Idar. 

Steatite has bew worked for many years in Bljawar, Vbdhya 
Pradesh, and is laid to occur near Soreng* in Sikkim, about n^cs 
north-west of Darjeeling^ Compact, translucent, pale yellowish 
peen talc occun at sweral places in the Great Limestone of the 
Ri^ teAn/, in Kashmir. This mineral has no noticeable cleavage 
and grbds down to a pure white, Lmpalpablie powder suitable for 
cmmetic puTposra, li has been won untler State agency since 
ateut 1942, at Puratia EJaruhr, Kunian and Katru, tocalittes 
about 23 miles from Jammu* 
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In Faklstafip Kjapstone is vrarkcd dc^mmenmlly by ths Govern- 
tbent of the North-Wat Froniicr Province, at Kangrara, 30 nuks 
from Abbottabad, in Hazara, where the production waa 775 tons 
m 1947 and 590 tona m 194S, In the Nowahera of the 

Peshawar discritt there are old pits in altered Attoefc ShaleS;, near 
Khund, whence the local inhabitants obtained supplies for soap 
making and watef-paidL The strike eonUnuatlon of the 
rocks bears further abandoned pits near Hath MLani. 

Steatite h found at many places in Bunnap from the Kyaukpyu 
district in the south to Myitk>ina In the norths usually in association 
with the serpentine and peridotites of the Arakan-Naga regionuK 
Amongst other localities which h&vc been worked in the past arc 
the mines of Hpa-ang in Ryaukpyu and Scnlan in Minbu district, 
but the only recorded production from Burma is a total of 140 tons 
obtained between 1904 and 1928. 

Complete statistics of steatite production are unobtamable for 
there Is known to be a trade of undetermined size and value in the 
minera] in many parts of India, Fakistaii and Burma, so that it Is 
not pct$sible to form e^'en a rough estimate of its total value, 
especially as regards the potstoiaes and coarser kinds used for carving 
and for arthitectural purposes. For the better qualitiesi won by 
long established hrxns or by departmental agencies^ the position is 
more favourable, parucularly of later years, and the output %urcs 
given in the table on p. 530 for Rajasthan^ K4bidhya Ftadesh, 
Madras and the North-West Frontier PTovipce of Pakistan, can be 
taken as reasonably coreectj as far as such grades, including the 
pyrophyllite of Uttar R^esh, are conoemed. For the rest, it 
appears that with the e;xceptinn of an occasional small paroet 
shipped abroad^ internal consumption about equalled production 
uRtii 1938. In that yi^ Soo torts were exported and &om then 
onwards the sea-borne^ external trade has expanded. 

Before the Last war, the United States of America produced 
about 45 per cent of the world's output of approximately half a 
million tons annually; Manchuria occupied the second place with 
about 15 per cent of the total; France and Italy ach added a further 
10 or it ppr cent* with the remainder from Norway, India^ the 
Soviet UmoHj Canada, Germany, Sweden and Spain, For 
additional supplies of block talc and cut and sawn varieties, the 
American market in those days depended mainly on Italy and 
and the dlsappcaTance of these enemy supplies afTorded 
Iru^ an oppoitunicy which was quickly seiied by the producers in 
Rajasthan, so that shipments from Jaipur, for both home and 
abroad, in 1941-3. were 18,752 tons* In 1941 alone, 4468 tons 
were sold to the United States, 2,228 tons to the Unit^ Kmgdoni, 
1,276 tons to Australia and East Africa and 400 tons to Iraq, 
Burma, Malaya and ebew^here. In addition to this, 5,^7 tons 
went to marl^ts in India. Before this, the United States had 
imported block talc from India to the extent ofaBj tons in 1938 
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892 10^ in J939 and 3,103 tons in 19^0, In 1947 an American 
authority stat^ that India and Sardinia (Italy) are the chief sourca 
of stcatitic talc in sawn shapes, and there can be no doubt that the 
‘ Java ' grade mincTai both from Rajasthan and to a lesser extent 
from Andhra proved eminently satisfactory for the specialized 
purposes for which it is required. Shipments of such talc, together 
with large quantities of other lump and groimd grades, continue 
to be made, especially from Jaipur and Mtwar. The principal 
producers a« the Jaipur Mining and Development Syndicate. In 
India powdered talc is used in soap works, paper and textile mil K 
rubber factories and foundries as well as for cable issulation and as 
a cleansing agrai. Rice millers claim that poLbhmg the grain with 
talc not only^ improves colour without loss of vitamin content, but 

f so renders it more lesiatant to attack by weevils. 

As the analyses in the following table indicate, the best 
grades of Indian talc compare favourably with those of other 
countries. The failure of Indian talcs in general to obtain a perma* 
nent footing in the foreign markets in the past was largely due to 
two causes; the substitution of greenish d-r otKcT coldtircdi m^tcrisi 
when jiure white sU>nc had been called for, and the inefficiency of 
the inilliRg operations. Given rigorous attention to required 
spccffications and the adopdon of mndern milling pianti there ij 
no reason why Indian producers should not obtain and keep a much 
greater share of the world'A tmdc in this cssendai mincraL 


ANALYSES OF TALC 
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♦ KAOLIN 

Included in the kaolin group of minerala with kaoLmite itself 
are ^craj dosely related hydrous silicates of aluminiiijn, such as 
dickite and nacrite which porsfess the same chemical composition, 
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^tOj, 25 iO,.sHgO, but diSer in optical properties and in their 
X-ray diffiac^on patterns. Neariy akin to them are halloysite, 
aJiophanc, bcidellite, anauxite and others, in which the proportion 
„ v^es and the ratio of the silica to the alinnina changes. 

HaJloysitc is a well known Indian mineral as the Uthomatgea ome 
lateritcs ate usually mixtures of it with kaolinite. This list by no 
means indudes all the clay-fomiiiig minctals, but only such as 
concern tia here, and it is jjrobably true to say that kaolinite itself 
is much the prepondcradng species In the materials described. 
The older theory that ^ kaolin ^ deposits ate fonned entirely by 
surface weathering of feldspars is itisufficicni to account for all the 

Indi^ deposits ofactual or potential comniercial importance. The 

luolinkation of the granites and gneisses of Travancotc and 
Malabar, for instance, has taken place under thick covers of latcrite 
wd Tertiary rocks which must have afforded them secure protec¬ 
tion from subaeriai agencies. Or, again, about the mineralized 
and tungsten) ari^ of Tenasscrim in Lower Burma, the 
kaolTOzation of the local granites is often profound to far greater 
depths than surface effects seem possible. These are matten of 
practical economic importance In addition to their purely sdentlftc 
interest. r j 


Boidcs its uses in the ceramic industry which have already been 
described, together with its more important occuircnocs kaolin 
or china clay, has many applications, principaUy, in India, as a 
drying m strffenipg agent of cotton fabrics and as a filler of paper- 
It has b™ Slated that the average daily newspaper containf about 
one-icnth of its weight of china clay, and in most kinds of paper 
pulp It IS used to augment the body of the finished article and pro- 
ducc it3 smoolhf firu^hed surface, LaT;ge amotmts are cqnmuied 
3I50 in the manuJhcture of linoleum and oil cloth j smaller qviaiiiiti^ 
in soaps^ plastics* polishes* cosmetics and phairnary, it figures 
m the h a kiTu s phaimacopcEia ai an cfficacio'us specific in the 
treatment of cholera and is used by the physician in Europe and 
America as an absorbent of toxim in the alimentary canal. 

In the five years ending 192S, imports of china clay into India^ 
^nsistmg entity of Cornish frem the United 

■Kingdom for the tciciiJe mills of Bombay^ averaged 216 tons 
per a^u^ valued at Rs 17,95,213, Ten years later, for a aimibr 
pmod ending 19381 still averaged 34^145 tons >'earlyj though 
At valne had ^hlltn to Rs 10^86^3 [6. During the war years imports 
clroppw to msigtiificaiit amounts while home production rose to 
mortl heists (72,B6i tom in i^). It is regrettable that the 
Indian mdiist^ could not maintain its advantage; by 1047 the 
ome output fell to 66,561 tons, in to 4tt343 tons, with a slight 
wov^ m 1949 10^.596 tons, valued at Rs ) 1,73,786. Mean- 
whife imports, which were only 315 tons in 1946,'were back to 

-n ^ tilt 

p oducer will not take su£ 5 aent care in processing a product accep- 
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table to the Indim user. It is no fittUt of the depoaics themselves 
or of the quality of the kaolin contained in them. * The importance 
of washing kaolin % writes H, Crookst^i^ * is not generally realked 
in India. Most people think that having located a kaolm deposit 
all that ts necessary is to dig it out and sdl it*^ The rmllosvners of 
Bombay pay a price for Cornish kaolin four times greater than that 
which is given for Indian clay, and they do this b^usc they can 
rely on a standardized^ high-grade product of unvarying purity^ 
The world's annual pr^ucdon of china clay, cxcludb^ China 
and the Soviet Union, is believed to be about ^ million tons, of 
w^hich Cornwall and Devon yield upwards of 30 per cent. The 
fjijaltfy of this renowned English proouct is not due to any inherent 
property in the mineral itself, but to the care exercised in its prepara^ 
tion for the market In normal times the requirements of all the 
main Indian users, with the exception of the cotton mills, are met 
horn Indian sourcest ^d there is no teal reason why the home 
prixluction ^ould not meet both diis and the growing demands of 
the future, just as it has entirely supplanted imported clay formerly 
used in the paper^making industry. Indian china clay properly 
prepared could also find Tnarketa abroad. 


CHAPTER XIV 

MINERALS WITH SPECIAL USES 
ASBESTOS 


Tb£ ictm * asbestos * embraces a. number of minerals wbich all 
possess the property of sphuing into fibres capable of beaut felted 

Thp'a«dividedinto(wo^IM;(,)S^tnc 

^j«tos^ silicate ofmagtnaium, Mg^Si^Os (OH)^aiid a 

fibrous v^cty of serpen^e, usually occuirinY^ nlww vehS in 

^ttbestos, which mdndes 
fibroiB^^a of tremoiite, a calcium magnesium silicate, 

^ .‘^SJ including its variety amosite, and 

cro^lite srfuch IS a ,tlka,c of jodium Sd iron. 

SSSiS 90 per cent of the world's asbestos, 

appipebed hair a million tons 

discovered bdoi^ ro ^e tnmolite and actinolite species of the 
sttond g^up. Their though often of consid«^lc length 

^u^y too we^ and brittle for spinning, though they p<JLs 
good iiisuUting and acid-resisting properties, * ^ 

Manbhum, Bihar, and Mayurbhanj in Orissa, 
mW L^f ^otlhtie economic imponaice, SS 

ot^ ^ ta thoK of ^ Sana, Patla and^ota Dana, in 

£l^dd 3 ''!a^nT Singhbhum and Mayurbfen]. 

M “curs in the shear planes of a 

^?foSa '* in length and 

“.™«^-have been obtained, but the mineral is too 
battle for spinning. Production commenced in Seraikela in loai 

^ ceased, ^ 3,1 tons. A revival took pC if roarSiw i 

«-ai da« f„„ 
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had b«n rapoosible for [50 tom, valued at Rs &|3%, over the ume 
period. 

Amphibolc asbeatos oceufs at ma»y localities tn Mysore and 
princip^Zy in the HoLe-Narsipur taliilc of the Ha^san district, whefe 
one deposit alone has an eadmated reserve of ao,ooo to 05,000 tons 
of both anthopbylliie and crcmoUie variedes, within a depth of 100 
feet from the surface. Ac KahhuTp long fibrous sticks arc obtain¬ 
able, though they ha\T the usual defects of britdenss and lack of 
tenadey. The district yielded 3467 tom at intervals between tgofi 
and igapp when operations stopped. The Bangalore dbtrict 
suppU^ 176 tons in 1930 and Many Mysore occurrences 

appear to be alteration products of ulcrabasic rocks in close proxi¬ 
mity to granitic intrusions^ Small quantities are available when 
required from near Chinchanaballi, in Mysore district^ Marade* 
vanaballi. In Mandya and Yed^ondanaballit in Hassan district. 
Veins of chrysoiile in serpentine are worked dauLtorily near 
Gopalpiira, in Mysore district. Mysore asbestos appeared on the 
market again in t93B| and from that year until the end of 
1950, 561 tons, of an otimated value of Ra have been 

won, 

Small parcels of 5} and 6 lons^ respectively, appear in the 
returns from Ajmer-Mcjwara, for the years 1927 and 1931; 
this may have come from KaoLat, vrhere A. M. Heron found 
workings displaying stringers of chrysotile rannfymg through 
serpendne. Trcmnlitc alio occurs at Sendra in ferruginous 
Ajabgarh Limestone. Further small parcels totalling 104 tons, 
valued at Rs came from Ajmer-Mcrwara between 1937 and 

1939, 1941 and 1942, and again in 1946. Simibr material of a 
cremolidc character forms itr^ular po^ts of radiating needles 
in large masses, in Kushalgarh Limestone, near Dclawas, and in 
Ajabgarh Limestone, near Guda, in Alwar, Other parti of Rajas¬ 
than from which asbestos has been obtained include Dungarpur, 
with an output ofaSi tons between 1940 and 1945 j Udaipur, with 
a recorded production of 890 tons Klwcen 194] and 1946, and 
Simhi, now in Bombay State, which supplied 14 tons in 1946^ 
The Dungarpur localities are near Jakal and Khymani. 

A total of 84 tons of asbestos was obtained in small amounts, 
spread over a number uf years before 1925, from Tumkhera Khurd, 
Bhandara district, Madhya Ptadedii and Jhabua, in Madhya 
Bharat, gave 78 tom in 1^7 and [948. 

Amongst other Indian occuirences of amphlboLe asbestos the 
following may be mentioned j the undeveloped deposit found by 
C. S. Middlemiss, in association with magnesite and setpentine, 
between Kundol and Dev Mod, Idar, Bombay; the prospect noted 
by P- N. Mukeijce near Ycdlmgutti, Bagalkhol taluk, Bjjapur 
district, Bombay; the presence of the mlneiaJ, as noted by D. R, S, 
Mehta, with serpentine 2nid crystalline doiomitic Limestone, near 
Bhunswara, Mirzapur, Uttar Ptadesb^ and the small vems in 
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KTpealmc near Payapani in the MishmL Hills of Assam, thouah 
some of tLw may prove iq be of chrysotile* 

Irt Paiist^, asbestos is fotutd with the ultrabasic intnisions to 
the north of Hindubngh, Baluchistan. ChiysotiJe is inown to 
oc^m limestone intruded by epidJoriic, m the Khyber Aeency 
tod asbesufonn imncrals have been reported from Waairht^ and 
uhitrsil, 

High-gr^c chiysotile asbestos, suitable for wraving, is available 
m^^ercialquanatjes,as far as existing knowledge goes at present, 
otdy m the Cuddapah district of Andhra. Here, in^e Pulivendla 
t^uk, an asbestos-bearing hori&ia was traced by A. L. Goulson 
for miles, between Brahmanapalle and Lopattouiuia. This 
zone, as the later investigations of Dr M. S. Krishnan and M. S. 
Venkatram have shown, is from 3 to B feet thick and lies in serpen- 
tmous, magnesian limestone of the Vcmpalle Stage, at its upper 
plane of contact with the lowest of two or moie sills of trap r^: 
^e nun^, of ex^llent, silky quality, forming anastomosing, croas- 
fibre vems ^ih m the serpentmoiis rock and in the impost 
foot or so of the trap itself. The most promising occurrenca are 
« Hrahmanapalle and Chinnakundala, though others are known, 
rfac reserves are of the order of 350.000 tons within a depth of 660 
feet along the slope. Ghrysotile also occurs in thin sporadic 
^mleta, nt^ MaJkajmram and east ofjoharapuranj, in the Kumool 
dMiTKt of Andhra. Between 1924 and 1930, 200 ton* of chrysotiJe. 
valued at ^ 27,954. won from the Cuddapah district : there 
was no producoon from 1931 to 1933, and only small, experimental 
precis of B tons, ^ith Rs 2,687, 'v'ere taken in 1934 and 1935. 
Output cea^ agam between T935 and 193?, that & 

Hd ^1“ of »> 5.34.56* 

The total recorded production of asbestos of all kinds tn India 
^m 1904 to 1950 » but 9,39a tons, valued at Rs. 11,10 670 The 
highest outputs were attained in the quinquennium with 

93 .of which Ste from 

»i.*i ^ ^ ^trict of M^ore. Over the ensuing 15 years, that b 

70 trni4ir ^ ajinuAl production was only 

re A iw to 464 tons per annum followed over the period 

^ fn 570 tom for the three^Us 

e^t ^ distribution of the 4,031 tons raised in these 

£ l changes, Mysore having ikircn 

9 ^ ™t: Seralkela contributed 
* ywbhanj axid Suighbhiiiii 19'6 per cent, 
re^nsible for 31.6 per^t. over 2a ™f^nt of 

tod aSS* quantities fromSLigarpur 

deposits of Cuddapah yieldedSly 
of i I however, the share 

3^ ■ ? P- coni; Myscro 
copied the second place with 30 per cent and was followed 
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by Seraikcia and Jhabua with 24^2 and 13 m per cent respccdvdy. 
Production in both Singbbhum and Rajasthan ceased in 1946. 
The piiVmouth value of the Cuddapah el^sociLe in pre-war years 
rangw betw'cen Rs 300 and Rs 4CK) per ton, compared with about 
Rs 40 per ton for the amphiboLe varietic3. 

It is impossible to enumerate here all the muId&Hous uses to 
which asbestos ia putp for no other minera] combines within itself 
such pliability and strength of fibre, with its incombustibility, 
infusibility^ low bcat-conduciiv*ity, high resistance to electricity 
and sound, together with its bght wieight and freedom from 
decay and corrosion by w^caihex, chemicals or soil* It is indis¬ 
pensable in modern cwilization and its applications continue 
to citpandj for there is no substitute for many of its apeciad 
purposeSi 

Chiysotile fibres are spun into yam and woven into firbries 
of many weights and thicknesses, into ropes, tapes, felts and cloths 
which are made ttito such arddes as linings for brake bands and 
clutches, engine packings, gaskets andjointinp, insulations of many 
kinds, fireproof clothing and safety curtains for theaires. Shorter 
fibres are used as bindcTS in cement products, mainly for the building 
trade, flat and corrugated sheets, wall boards, roofings, shingles, 
piping and guttering, fioorings and fireproof coverings for wood¬ 
work. They arc also process^ with plasters, rubber and synthetic 
Tusma. Asb^tos paper is yet another product. 

For lagging boilers and steam pipes and for heat insulation m 
gen^U the amphiboZe varieties, such as antbophyliite and acUno^ 
lice may be employed, ollcn in conjunction with substances such as 
magnesia- These varieties are also said to possess a higher rcsist- 
ance to acids than cbr^wtile and to be well adaptea for acid 
filtration. 

India imports large quantities of asbestos goods, many of which 
are jnanu&ciured from the shorter grades and lets valuable fibres, 
and there seems no reason why they should not be made in the 
country, provided the machinery employed for the purpose is 
adopted* The average annual imports and consumpuon of 
asbatos in Indiap over the period 1934 to 19461 mclusive, are ^ven 
in the table below: 


AVUtAGE ANNUAL IMPORTS AND CONSUMPTION OP RAW 
ASBESTOS, i934-4fi 


Period 

iHPOATia 

CoMumFi lurt 



1934^ 

1B5I 

9069 

igiB 

193^43 -■ 

1944-6 

7450 

9039 
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Th.t cotmimptiOQ of raw asbestos in India was about ii.ooo tons 
^ which her own resources only contributed 9o6 tons, 
while the imports of the mineral cost the country over Ra.gs lalchs* 
moncn^r, the figures quoted do not Inctude imported products 
^bestos, v^ich in 1949 alone cicceeded a value of 
j , hiiiis. Here, then, is a situation requiring a more intensive 
development of the home supplies. 

The average annual world production of asbestos of all kihdj 
d^mg 1934-0 was 447,000 tom, of which Canada alone produced 
about 60 per cent, entirely of chrysotile. By 1948, wory produc¬ 
tion had nsen to 846.700 tom festcluding Russia) and threcHiijiartcts 
of^is amoimt again came fix™ Canada; the Afncan countries 
jfIthodesia, South Africa and Swaziland between them 
Mded a further ig J per cent, while the rcaaaLning ol per cent fapK ; 
from 17 more coiuicrjea. 

Almoit the entire Canadian output cornea Jrom the serpentinized 
peridotito of the ^tem Townships of Quebec, and as there are 
®“ch rocks in India, Pakistan and Burma, which 
need further examination for asbestos, no excuse is needed for 
meotmni^ ^e Quebec occurrencea here. The peridotites are 
associated with pyroxetiiies and occur as sheets and stock-LIke 
mass«, mainly in a narrow, intorupted zone, intruding both 
CambiT^ and Ord^cian strata. The asbmtos is of two types, 
cross fibre slip fibre. The former occurs in veinlets with clean- 
cut walls, the fib™ arranged parallel to one another and at a high 
^le w normal to Most of the output is of this varienr. 

SLp fibre occurs in h^hly sheared serpentine, with the fibres more 
or matted ^d lying lengthwise along the slippage planes. 

The veins of cross fibre s-ary In width fhim a hs^e m 3 inches, 
or very r^ly to 4^or 5 inches. AH the material over thre^ghths 
of an m^ la hand-selcctcd and cobbed and is known as ‘crude’, 

** the rock being crushed, beaten 

the rans by overhead 
Thcj^ll^ var^ty tp roof^ than 99 per cent 

consi^ofretpen- 

tme that pass« rapidly at the edges farthest from the vein intone 
ordi^ p^Iy serpentpzed peridotite. We are indebted to an 

Geological Survey of Canada for this 

The seroentinized pcxidoritei of our areas should be minutely 
^^ed for^l vB^ts, which are easily overlooked on cursory 
r 1. attcmioti has been paid in the past to the 

fibr« and the fact that 99 per^t of the^dkn 
use^'l c^orreeV threc-cigMhs of an inch in width is a 

ESth i?’* Commercial value depends less on 

J5r properties as tensile strength, ^eness, fleiti. 

for Si electrical resistance. ^ may be added 

or the mfoTmation of prospeciora that the crocidolite and amosite 
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depoaits Ctf Soutb Africa occur m bedded pfe-Gambriaii rocii 
associated with dolerke ailU. 


MICA 

The niicas form a group of complex sUicata of aluminium and 
potassium, contamUig varying proportions of magnesium and iron 
in the dark varieties such as biodte; sodium^ calcium, lithium, 
titanium, chromium and other clemenis may also be present. AIL 
the micas carry hydroxyl, which Is commonly replaced to a varying 
extent by Buorine^ All the micas are also charactered by iheir 
very perfect, basal cleavage which causes them to split into elastic^ 
Lustrous sheets of extreme thinness. Muscovite, or potash mica, 
with the formula KAli(AJSLa)Oj,(OH,^*, is the most valuable 
member of the group. Tlie Bihar variety has a deep mby colour, 
though this is not evident lu thin sheets IkIow one hundredth part 
of an inch in thickness. Fhlogopiie, or magnesian miciL, a silicate of 
^uminium, magnesium and potassium, KAlg3{AlSl3)0,^{0H,F)jj 
is also used in industry for s^^cnal purposes. Otho' memhm 
of the group include the hkclc, or dark brown, fetromaguesian 
variepr known as biotitc, K(MgjFe)j(AiSijJOifl(OH,F)-j only 
used in the powdered form as a^Jer or coating, IrpidoUtc, or lithium 
mica^ a silicate of aluminium, potassium and Lithium with hydroxy] 
and fluor i ne, KLIjAl (Si40it)(0H^F]|, a source of me tal M r lithium, 
and roscodite, the vanadium mica, in which the aJuminium of 
muscovite is replaced to some extent by vanadium. 

Muscovite, ±ough one of the commonest rock-forming minerals, 
is only found in the liaes and qualities demanded by the market in 
the pegmatite veins of a few restricted areas, for the most part in 
Indt^ with smaller occurrences in Erarii and elsewha%. ^ogo- 
pite IS derived mainly from Madagascar and Canada. Mica Bnds 
its chief use in the electrical industry as an insulating mediunL 
For diis and other purposes its perfect cleavage, enablhtg it to be 
split into sheets le^ than one thousandth of an inch m thickness, its 
transparency, flexibility, toughnessp resistance to tempoature 
chang^ and chemical decomposition^ low thermal conductivity 
and high dielectric strength, render it unique and indispensable. 
Mica mining has progressed with the advance of electrical engmeer- 
ing, by reason of its properties the great dcvelopmenia of 
electricity production^ motor transport^ aeronautical navigation 
and dectromes have been made possible. All typea of electrical 
machinery and appliances contain mica; from geucratora and 
motors of all sizes to the sparking plup of aircraft engines; from 
power traiisformcrs to radio valves and condensers; from telcvialon 
transmitters to the ignition coils of motor vehicles; from telq^hones 
Co the heater clemencs of domestic and industrial equipment. 
Non-electrical uses of dear mica include the windows and 
peep-holes of ovens, stoves and himaces; lamp chintne^'s and 
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c^DpiG^ gogg]cap and, in ^ncral^ it is to be found in any f ttUAtjoii 
where a transparent mcdiitin resistant to heat and breakage ia 
oscntiaL ^ Scrap micaj afker bemg finely ground^ is used in ctnro- 
sion-jTsisdng paints^ in Lagpngs for boilers and steam pipesp as 
facings for moulds and corns in foundry work, as a filler for plastics 
and rtibbcr preparations, as a lubricant in aale greases and oils^ 
and as a suHacing powder lo pre\'ent sticking in rolls of tarred 
material such as roofing fclis. Ground mica also has decorative 
value in the manuiacrurc of wall-papers and is used to give a finish 
to pJastCT, stucco and conatjie constructions. In India mica 
powder is used for dusting mica splittings during packing. 

The total value of the mica yielded by the chief producing 
countries* India, Bmzil (from 1936), Canada and the United States 
of America, during the first 39 years of ilie pmssent century^ 1900 lo 
193B Incluiivcp was £21,430,149, and of this amount India alone 
vw rcspoaaible for or 79^^ per cent. Mica prt>duc- 

pon statlstic3 can be very mislead^, as scrap materia] is induded 
in the returns from some countries, but if drosed mica alone is 
considered, India supplies about Bo per cent of the wcffld’s demand. 

India's total exports of mira between 1097 and 1950 totalled 
262,960 tor«, v^ued at £51,395.000 approximatdy. Over the 
decade ending m 1933 they averaged 3,947 tons and £590,258, 
compared with 2,704 tons per annum for the previous decade 
1914-^3* During the decade ending in 1945, the corresponding 
figuies_ had risen to 9,427 tons and £1,240,691. The average 
annual tonnage and its value for the five yeiirs ending 1948 were 
9 » 3®3 21860,725, The record annual output of 18,093 

tons was made in 1948. 

Up (O 1934 the exports consisted solely of block mica and 
splittings, but since then ‘ scrap ’ mica, also classic as * gtound % 
or ^ wastehas appeared in the rctunis, in which it forms 36-7 per 
cent of the tonnage but only 0*5 per cent of the value over the 
decade ending 1943, the corresponding figures for block mica being 
H '5 cent of the tonnage and 42 ' i per cent of the value and 
^ spUttings 5fi-e per cent and 57 per cent, respectively. For the 
five years ending scrap mica accounted for 25-3 per cent 

of the tonnage and o* 6 per cent of the value, block mica for 11 • 2 and 
30- 9^ and splittmgs 63,-6 and 68- 5 per cent, mpoctively. 

Tilt share of the United Kingdom in the Indian mica trade has 
gradually fallen from the receipt of over three-quarters of the 
exports at ^ beginning of the century, to about one quarter in the 
quutquenmion 1934-8, rising to about one third again over the 
decade ending r948. The United States of America is now India’s 
over the same period her share of the export 
risen from around 15 to over 63 per cent, for although the 
united Mates is the largest producer today when all classes of mica 
Moderation, the country admittedly raises only a 
tracUftn of ita own rcquircniOTta of high’-qiiality sheet micau, 
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StauAtica rdatlng to the actual productiDn of mica at the mine^ 
in India arc not compictdy reliable. Such as they arOj however^ 
they ahenv that over ihe decade ending 1943 Bihar accounted for 
70-6^ the tcrriiory now knowti as Andhra for 14-3 and Ruajputana 
for 14-4 per Cent of the output. The remainder came in small 
precis from the Eastern States ^ency* Gwalior^ the 

Punjab and the Korth-West Frontier Province^ now in Pakistan. 
For the three years ending 1946, of the rccoMed production of 
19,903 tons, Bihar yielded 69*5 per centj Andhra fell to 11^4 per 
cent and Rajputana (Rajasthan) increased to 18*9 per ceni. The 
reasons usually given to explain the excess of the export over the 
production figurea are that the former include splittings made from 
material found in laciory waste heaps, block mica recovcied by 
resorting old mine dumps and mineral obtained by illicit mming. 

There arc many references in the Sanskrit classics to mica, and 
its common name in Hindustani, abrskt from abfj a cloud, or flinj, 
the heavens, connects its lustrous character with Its supposed 
celestial origin. The ancient Hindu writers distbigulshed four 
separate vadeties and each was supposed to be possess^ of magicaj 
medicinal properties. Apart from its uses in Materia Medica, 
how^ever, mica has been employed in India from tjmr immemorial, 
for ornaments, decorations and glazing, as well as by artists for their 
transparent paintings. It finds a place in the tinsel decorations of 
banners, and umbrellas at festivals and weddings^ Its 

powder is sprinkled on clothes, fans and toys, as well as being 
mcorporated in the glaaes of some forms of pottery, to which it 
imparts a pleasing sparkle. 

The date of the cammenccrncnt of mica mining m India is lost 
in the mists of antiquity, though aboriginal tribea such as the 
Labanasj Mahajins ^d Bandathis axe known to have burrowed 
into the soft mica schists on the sides of the mica-bearing pegmatites 
of the Kodanna field of Bihar, in search of the miners, for oenturtca. 
Such worl^gs were described by Breton in 1826, Buchanan-^ 
Hamilton in 1838, Sherwill in 1851 and F+ R. Mallet tn 1874^ 
More or less regular exports are believed to have commenced about 
188^ Early European eflbm to work the mines, a few years 
earlier, had not been succes^fulj and indeed the first vmrure of 
F- F, Chreaiicn, the pioneer of modem mica mining in Indi^^ at 
Bairia, near Tisri, in i88fi, proved a failixnei Later vcntiirea were 
more promising, and by mining was well cstahlished under 
his direction at Tisri, Bairia, Bhandari, Musnodj and Kodarma. 
By 1899^ F. F. Chrestien & Ck>* were opemUng 110 mines, Raj 
l^shna Sahana 31, and R. MacDonald aB^ The zrtanu&ctuie 
of ‘ splittings \ a process which levolurionized the mica business, 
been introduced bcfon: 1900* but these early European-owned 
mines showed little improvement on the ancestral methods pre¬ 
viously followed. About 1910, modernization of milling began to 
take place and the Ghir^tien concern enjoyed continued prosperity. 
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In the meantime, other companies had taken up mica mining, 
amnngific them being Siindenual^s Indian bUca Supply COp^ Messrs 
Tata & Co., Hoare Miller & Go., and Bird & CJo. LtdL After the finjt 
world war (1914.18), most of these Bnns left the busmess, leaving 
otily two European eompanies, Messrs Chiesticn’a and J. Ptodger'i, 
and the industry passed gradually into Indian hands, a process 
completed with World War II by the liquidation of the Podger 
Company and the sale of the Ghresden coacern to Aggarwal Bras., 
by whom it is now controlled under the title Ghrestiea Mica Indus, 
tries Ltd. Other companies include those managed by the 
Bros., the descendants of Raj Krishna Sahana; Messa C h^ tfttram 
Horilrajn wd the Ghota Pfagpiir Mica Syndicate (19^3) Ltd. 

The mica belt of Bihar extends from the Gaya district on the 
for some go miles, through Hazarihagh and Monghyr, to the 
Bhagalpur district on the cast, with a width of is to 16 miles. Its 
most p^uctive portion lies in and around the Kodanna Reserved 
Foi^t. The Country’ rocks are mica schists grading into mi<-n 
gneisses, hornblende and quartz schists, while pegmatite veins 
tongues and masses which penetrate them are the sotirce of the 
greater part of the world’s supply of high^ade muscovite. The 
veins usually strike and dip parallel with their enclosing schists and 
in ^ickncss from a few inches to a hundred feet or more: 
though they may carry mica in proGtable quantities for any dis¬ 
tance up to 1,000 feet or so, the vast majority are short lenses up to 
iTO feet or thereabouts in length. Some of them are almost pipe 
shaped, extending downwards for several hundreds of feet The 
are fo^d of coarse aggregates of quartz and albiie,'witb a 
Utile nucrocltne in places and such accessories as tourmaline, gainet, 
apatite, and, more rarely, columbite-tantalite and beryl The 
thi^ veins almost always have quartz cores with the feldspar 
and mica contents arranged on either side of them The mica 
^cun m the form of* books \averaging 6 to I3 inches across and 
f t thick, but, exception^ly, up to 3 feet or more in width 

and a or more feet m thickness. It is usually found along the sides 
of the veins, at or near their contacts with the country and 
tl« bearing zones do not as a rule exceed three feet fo thickness, 
w^le t™^g to foim shoots ' of variable strike extension which 
pitch either vcrOcally or very steeply downwards. As a rough 
approximation the ^ca contents may be said to nmge around 
f the total pegmatite excavated, but containing 

only 1 -0 to I -5 per cent of commercially valuable block mica. 

*here are about 600 separate mines on the 
including the shallow, surfoce, tfpaKhalla workings 
*'*** t^ous, wmdirg holes in the pegmatites, followh^ 
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Mzca mizung commenced on a amall scaJc in ihc Nclloie dastnet 
of Andhra about 18S7 and at out Eime supplied upward^ of 20 per 
cent of the total Indian production, though this has now fallen lo 
about II per cent. The mica belt, which stretches for some 
60 miles between Gudur and Sangam, has a width of 8 to 10 miLes, 
with the mint^ locaied more or less on its margins and near Gudurj 
RapuTi Podalakur, Atmakur and Kavali^ of which Rapur is the 
leading cenffe. According to A. Krislmaiya and B, C. Roy, the 
country rods axe Archaean schists of micaceous and homblendic 
types, in which sheets^ lenses and large masses of pegmatite are of 
ir^ucDt occurrence, striking north-west and southeast, or north 
and south, with the general foliation direction, and dipping steeply 
or vertically. They consist of vc^ coarse intergrowths of quartz, 
erthodase, microcline and plagiodasc^ with some tourmaline, 
garnet, apatite, beryl and spar^ rare-earth minerals. Most of the 
rc^on is flat and the rocks art normally hidden under a mantle of 
soil, which ha$ Jed to mining in large open-cast ucavatJons, but 
some mines, sudi as the Tdkbodu and the Shah, are situat^ on 
hillocks. The mica books vary in size from a few inches to several 
feet aem^p and although great crystals of muscovite measuring 
15 feet along the foliae and up to 10 feet across the basal plane have 
bcfai obtained, such immense sizes arc most exceptional. The 
aven^ thickness of the pegmatites is from 10 to 15 feet and the 
majonty of the individuB], echeloned lenses which bnild them do 
not exceed too feet in length, though a few carry payable mirai 
values for several hundreds of feet. Most of the Ne^lort^ mica has a 
cbamcteristic green tint* but some red mica similar to the ‘ Bengal 
Ruby * is also found. Many of the miiics have reached a depth 
of 300 feet* while the deepest, the Shah* is about 630 feet below the 
surface. 

Raj^than, with almost ip per cent of the Indian production to 
its c^c during the period 1943 to 1946* now supplants Andhra 
for the second place in the Iwt of producing regions, in which it 
first appeared in 1904. Its mlca^bcaring pegmatites arc distributed 
over a bell of country some 60 miles wide, stretching from Jaipur 
m the ELorth-eas^t for upwards of aoo miles Into Udaipur (Mewar] 
in the Muth-^wt. Tl*e north-western border of the mam mining 
area follows the axis of the Aravaili Range; on tl^ north-east it 
disappears under the blown sand and alluvium of Jaipur t to die 
south-east it keeps well 10 the north of the Banas river* except in 
me ^enu^ of Toi^ city, while to the south-west it ends tn the fringe 
of me Udaipur hills. Outside this main region are a few ^nnall 
pudyrng in north Jaipur, and the Naruaul district of Patiala; 
m Bharatpur* Delhi and Gurgaou] in the Bhomat district 

of the fonner state of Mewar and m Dnngarpur. 

The nnea occurs in coarse granitic pegmatites which may be 
dinw^tiated into quartz corra and feldspar-mira margins 
rwsJJmg dune of the Bihar field. The accessory minerals include 
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tcurmalmC) apatite^ g^mct ; mote rarcLyp radio-active and 
rarocarth minerals and beryl, which is of considerahle economic 
importance^ The pegmatites tbeimcLves are intrusive into the recks 
of the gneissic complex and into the Ara\'alii schistSj and they vary 
cnoraiously Irem a few inches in width and extending Ibr a few 
fectp to great ridges 50Q yards or so in length and up to 100 yards 
widcp Commonly^ the>’ form steeply dipping sheets following the 
genera] schistoftityj but btsscs^ apophyses and branches also 

occur. The region is rclativnly dkt compared with the Bihar fields 
hut the pegmatites often crop out above the level of the surrounding 
country. The mica occur? sporadically in rich shoots^ normally 
not more than 4 feet thick^ and much of it U of the black-spotted 
variety, with perhaps 40 per cent of the total mica yield made up 
of the * ruby ^ kind. TTiis. unfortunately, is often stamed^ warped 
and cracked, so that on the whole only a small proportion of good 
quality bioi^ mica is obtained. These faults are expected to 
improve as the mines attain greater depth, for at present most of the 
workings are shallow and limited to depths attainable without the 
aid of pumping machinery. 

On all three fields the books of crude mica are taken from the 
mines to the cutting sheds where they are rifted into slabs about 
^inch thick, which are then trimm«^ to remove flaws, a sickle 
being used for the purpose in Bihar and shears in Andhra. The 
product, now m slabs from to inch thickj is known as ‘ dressed 
block * and it amoimts to 20 or 25 per cent of the crude mineral. 
The next process is the sorting of uie dressed mica into the various 
market sixes, measured by the largest rectangle which will fit 
within the limits of the irr^larly shaped block. There are ten or 
twelve of these sizes, ranging from No. 7, with an area of less than 
I square inch, to * extra specials ^ with So to 100 square inches of 
area. After sizing conies the ^ding process with nine separate 
qualities, ranging in order of value from * superfine ^ with no stains 
or haws of any descrJptjon, to the excessively stained varieties. 
Most of the larger sizes and better qualities are cxpKjrted in block 
form* The poorer qualities of Size No. 5 {3 to 6 square inch®) and 
lower are converted into splittings, wfcuch in recent yean have 
formed over 60 per cent of ^e exports of all forms of Indian mica, 
including scrap. By means of a sharp pointed knife a piece of mica, 
perhaj^ 0*01 inch thick, is divided into splittings which arc only 
o*ooi inch thick Such splittings are graded for size, toosc-packed 
for Size 5 and smaller; book-packed for Sizes 5, 4I and 4 (B to lo 
square inches), or pan-packed. These operations demand extreme 
delicacy of touch, as wdl as remarkable dexterhy, and are usually 
done by women trained to the work from childhood. The pre¬ 
eminent position they have attained in this craft is shown by the 
fact that block mica and rough splitting? arc sent from other 
countries, such as Brazil and Madagascar, to India for processing 
and re-exportation in the form of fine splittings^ For the ten years 
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ending im% 5uch imports av^eragcd 67 torn pra- annum. In the 
ncKt decadrp ending 1943, the average annual imports were much 
the same at 7& tqns^ but by 1946 they had risen to 553 tons of block 
mica alone, when the Government of Indian acting in the Interests 
of the Indian producerSj interdicted the trade from Brazil. Mica 
‘ splittinp are utilized in the manufacture of ^ micanile ' or * built-up 
mica^j the individual films being cemented together with 
or some synthetic adhesive. Such materials of any desired thick¬ 
ness can be stamped or moulded into any required shape, and the 
amount of built up mica made and used in this way today far 
CKcceds that of block mica utilized m its original state. 

Mica from Bihar and Rajasthan is marketed in Kodarma and 
Giridihp mainly in the form of ■ mixed cut * and ' assorted block \ 
The splitting industry is chiefly controlled by laige Arms such as 
Chiestien Mica Industries Ltd, Chatturain HoriLram^ and The 
India Mica Supply Co. These, and other firms also, make mica 
washers and condenser plates. Ndlore mica is cAportod fiom 
Madras by ihe South India ^port Co^, and by Chamben & Go. 
At one time most of the Indian mica was consigned to broken in 
London who armiiged for its reKUstribution to cotLSUmers every* 
where, but smoc 1928 the larger Indian exporters have shipp^ 
directly in their printipal foreign consumers, now maioly in the 
United Stat^ of Amjcrica. At the time of writing, 1951, mica 11 
purchased by Indian nepresentativM of American buyers against 
firm orders and on payment of 80 to 90 per cent of the invoice ^'aluc; 
the balance bdng fonheommg afrer inspection in the United States. 

The amber mica, phiogopite, occurs in associatloEt with 
pyroxeojtes near Neyoor and Funalur, in Travancorej but has not 
been mcccaafiilly exploited, li has also been found in the Mugdula 
area of Visakhapatnam, aiid described by A. K. I>cy from 
Borra in the Srungavarapukota taluk of the same district. Apart 
from the great mica fields of Bihar, Rajasthan and Andhra, musco» 
vite has sdsc been obtained from the Xlanhhum, Singhbhum and 
Palamau dts^cts of Bihar. In Orissa, pocw-quality matcriai hat 
E>ecn mined in Sambalpur, AnguJ and Dhenkanah and recorded 
from Ganjam, Koraput and a number of locaUdes in wmtnrn 
Orissa, as welt as from various places In the territories formerly 
known as the Eastern States Agency. The Cuddapah district of 
Andlira and the Salem, Malabar and Nilgiri districts of Madras 
have all supplied small specimen parcelfi while M. S. Krishnan 
has described the deposits of the Tiruvur taluk oftheKrislma districts 
Muscovite plates up to 6 inches in diameter have been found 
recently by Dey and Srikantan a miles south-wesi of Mercara, in 
Coorg. _ Similar, rather spotted and stained imneral is known tt> occur 
near Snmangalam and other places^ Small amounts of muscovite 
have also been obtained from the Hassan and Mysore districu of 
Mysore and from the Midnaporc and Bankura disuicts of West 
Bcmgalp Books of mica, half an inch thick and up to 4 or 6 inches 
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in diarnctET^ of a pale groco colour, but exhibiting strain effects, 
necur, with small quantities of beryl, in lenticular veins of quartz 
and feldspar, traversing finely foliated micaceous roda, nw 
Giddaipur, Mansehra lainY, Haaara district, North-West Frontier 
Proviiice, West Pakistan. Muscovite has also bem reported from 
a number of localities in Ghitnd- Small quantitica of mica^ pro¬ 
bably phlogopitCf have been obtained from Yeny^ U, 
ThaVifiiltyifi, ia thc ICatha district of Upper Bunna, but it u 
doubtful if this occurrence Is of any pmmcrcial value. 

The vital strategic necessity for mica led to a number of special 
'ivar-time developments which Included the authorization, in ! 94 t)> 
of the Geological Survey of India to supply the requirements of the 
United Sr atr* of America; the establishment of anlndo-Amcrican 
Mission in Calcutta, in to pmure the supplies of the Allirf 
Powers} the formation of the Mica Production Sections of the 
Geological Survey of India, wth their headquarters at Kodarma, 
Gudur and Ajmer; the operation by the State of mica mines in ^ 
Monghyr district of Bihar, and the erection of a Government Mica 
Factory at Fachamba, in Bihar« The results of thw and other 
measures are reflected in the greatly increased exports of later years, 
detailed Ln the table on p. 549. With the end of World War 11 , in 
September 19451 and the terriiination of the aedvitics of the Joint 
Mission in India, thorc vro natuialiy, during 1946 and i 947 i 
a temporary lull in the Indian mica industry- Afterwards, how¬ 
ever, as the stock-piUng programme of the United States gathered 
momentum, the American demand increased, only to slacken 
again after May 1951, though it compensated to some extent 
by better orders from the United Kingdom, while the appearance 
of France, Switzerland, Germany, Italy, Belgium, Czechoslovakia, 
and Japan as buyTrs gave an upward trend to the market. Indeed, 
by the middle of the year 19511 the prices of block mica, especially 
of the spotted variety j of first-quality, ordinary, loose splittings and 
of No, 6 loose dust, had risen ^tween 200 and 300 per cent atwvc 
the prices in vogue during the time of the Joint Mica Missiom 
The boom did not last long ; the incliision of parcels of substandard 
quality, resulting in the suspension of American purchases, was a 
blow to the industry, in which all its branches suffer^ equally. 
It emphasizes the aeccasiiy for some system of inspection, cont^ 
and guarantee by State agency, if such violent fluctuations are to be 
avoided, and if the wonid-be buyer is not to be driven to seek more 
reliable sources ofiupply^ . . , - 

Mica mining in India suffers from a legacy of Indiacrnmnate 
shallow, surface working, handed down from earlier generations and 
harmfril not only for the waste infierenc in it and the lack of records, 
but also for its obliteration of suriace indicationip T^e industry 
is also plagued by the illicit trader and his confederate in the mines 
themselves, but the enactment of the Bihar and OrU^ Mica 
Act in 1932, the Mica Control Order of 1940, and the appointment 
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of a Mica CojUtpUct with wide powers in 1^5* demonstrate the 
determination of the authorities to deal with these abuses. At 
the umti the wcLibeing of the labour force has not been over- 
looked, for the Mica Mines Labour Welfare Fund Act of 1946 
provides for the leii^yrng of a ccss of per cent ^a!^m on 
exported micaj to form the foundatiou of a fund which is to be 
devoted to the welfare of the mica workers thctuselveSp of whom 
there are estimated to be from 50,000 to 60,000 in the mints and 
factories as well as a further ioo,ocm> engaged as home splitters^ 

For the proper planning of future development^ systematic 
drilling is essential to determine the excensiana of the pegmatites 
both laterally and in depth. The reseruca of the three major heldi 
axe undoubtedly very great, but proper cjyloitation at greater 
depths dcniands both techui^ skill and capital. The haphazard 
methods of the past will no longer avails the heyday of the small 
man, or the individiial villager turned miner* is passing, if India 
h to retain her position in the world^s mica market. That position 
at the prfsent time depends largely on the ability of the trade to 
produce splittings cheaply, and as long as that is possible by means 
of a contented Mjout force, the competition of the synthetic substi¬ 
tutes for mieanilc, such as the silicone plastics, intensively devdop^ 
in the United States of recent years, can doubtless be met and India 
will centmue to dominate the trade. 

Block mica will continue to be in demand, for pure sheet mica 
has some properties which cannot yet be matched by any one 
substitute; but the Indian producer should remember that as soon 
as research develops a perfect substitute, or succeeds in making 
larger synthetic crystals than those already produced in the lab<> 
ratory, it will only be relative cheapness which will retain his 
markets, and, even so, strategic coiaideratiom irill lead to support 
being given, by the Governments of consuming countrii^, to indi- 
genous industries whose supplies are not liable to interruption in the 
event of waTi In this connexion he should ako bear in mind that 
Brazil is a growing competitor of India, and that much American 
capital has been invested in the industry there. 

Ln their own interests, Indian producers must establish and 
maintam a reputation for consistency of quaJity. Tentative 
standards for the grading and classification of mica were drafted 
by the Intemationai Stanidaids Organization Committee at meet¬ 
ings held in New Delhi in January 1950. Grading in the mic^ 
trade concerns the sorting of the mica pieces according to their 
slzcj while classification involves visual detemimation of quality. 
It is understood that the proposals are now under discussion by the 
Indian Standards InstitntCp Unless some system of inspection 
and control is adopted, however^ to enforce whatever specihcations 
may be decided upon, they are likely to remain little more than 
pious aspirations. It is for this reason, together with the fact 
that any classification will be complicated, that the establishment 
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of a. marketing aysteiTij such aa that recommended by the Mica 
Enquiry Committee in or perhaps of separate Regional 

Marketing Boards^ with centralized testing and grading facilities 
ij essential for the orderly expansion of the industry in the fiituic- 
A mineral industry capable of supplying all the country V own needs 
for an indefinite time to come^ and at the same time in a position 
to dominate the world^s markets and earn large credits by its export 
trade, which in 1951 alone Awere worth more than Rsg crora* 
deserves all the protection and assistance which the supervisJon of 
the State alone can ensure. 

There is also much scope for the manulactiire of built'^up mica 
products in India, and for the profitable utilization of the scrap 
mica from the huge mine dumps and the rejected waste Irom the 
laetorles. Though it is desirable to substitute for shellac a more 
stable Ixinding materia! such as a silicone vamish, in the maau- 
fiacture of micaiute, or even to use pulverized mica as a fUkr La a 
plastic motdding-powder^ the devetopment of suitable synthetic 
resins in India caimot be expected for some years* by which time 
it may be more economit^ to manufacture wholly synthetic 
insulatiiig materials to meet specified requirements. The com¬ 
manding position held by the country In the mica trade of the past 
and the manual perfecdon attained by its splitters, are not good 
reasons for relaxadon of efibrt to improve and extend mining 
methods^ or to delay the intnoductiQn of finishing processes now 
successfully carried out In other lands. 
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55<* minerals with special uses 

VERMICULITE 

Muscwitc mica is one of the least alterable of minerals and 
its unchanged scales can be found in granites which have been 
completely kaotinized by hydrotheotial agencies. Blntite and 
phlogopiic, on the other hand, alter their composition easily and 
pass into the group of liberals known as die vermicuUtH, through 
hydradon and loss of their alkaiinc contents. ' Thxsc com¬ 
pounds Wrote F, W* Clarke, " form a series intermediate beeween 
the micas and the chloriEes and mark a transition into the latter 
group of muierais^’ Some mineralogisESj howevtTp classify the 
tubular^ radiating and granular types of vcrmiculite and ripi- 
dolite ip membets of the chlorite family. The vermiculites form 
softj pliable and inelasdc Laminae, with a pearly or bronzy Lustre, 
they vary in colour from white to yellow and browTi. On 
ignition they lose water, swell and exfoliate, sometimes into wonn- 
likc threads, from which they derive their name. The appear¬ 
ance of the heated mineral has abo been described as possessing 
an aecordjoii-bkc fbniij and the expansion which it undergoes 
itt^y be up to ten times its original volufiie, while it may then 
weigh as little as € to 8 lb* per cubic foot. This property is pro¬ 
bably due to the presence of layers of molecular water which lie 
between die other layers in its imemal structure. 

It is on this prepay that the economic importance of verioi- 
culite depmds, and in expanded fonn it is widely used for 
thermal and acoustical insulations, in any situations where they 
may be required. Combined with bonding agents it is employed 
in piaster and in Upinga for hot or cold pipes and for boilera; 
mixed with concrete it is used in many forms in building construc¬ 
tion, particularly for prenmal, light-weight slabs, roo^ itlcs and 
fire-proof interior walls. 

Kxpajision plant fbr the treatment of vcrmiculite lias been 
erected m India by Bum fit Go. Ltd at Ratiiganjp where materials 
for the ^ msuladon of both heat and sound, for domestic and fbr 
industrial use, are manufactured from imported miaeml. Further 
work is needed on the indigenous occurrences to determine whether 
they are not enable of meeting existing requirements which, if 
the experience of other countries is any guidcp arc likely to increase 
rapidly. 

^ A brownish-green variety occurs in fairly thick books in mica 
minm lO mil^ wot of Gudur, Ncliore district, x4ndhra. On 
heating it is said to expand 11 or 12 times in volume and to assume 
a Imtrous, coppery-brown colour. Small bands and IcnUclcs of 
flal^^ tjfcnzy vermiculite were found by B. C. Roy, associated 
With basic and ultrabasic rocks and mica schists, intruded by 
pegmatites and quartz veina, near Gudas, m Ajmer-Mcrwara- 
Tills minerai swells up to 8 times Its original volume on heating- 
From the Hassan district of Mysore, B. P. Radhakrishna 
has reported about 5,000 tons of die mineral at hfalavanghatta, 
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with a furlher i,ow tons at Bagcshpnr. but th« rcscrv-es 
arc too smaJl to be of much service, Oihcr occunmcca arc 
ImowTi near iCoraitagcrc and Pavagada talulc-f Tuitikur 

district, Mysore; at Kamasarnudram near Eangarpet^ Kolar 
district^ and Jroni Chanmirayapatna and ChunchankatEe^ in the 
same State. The mineral has been recorded in the Banfcura 
district of West Bengal, but in none of these eases are there any 
estimates of the available quantities. The first official record of 
the production of vermicnlite in India appeared in 1950 when 
5a tonsj valued at Rs 1,620, were reports from the Kolar and 
Hassan districts of Mysore- In 1951 the output had increased to 
332 tonsj valued at Rs 6^35®- 

Ihc largest known deposits of vcrmicuJlte are in Montana, 
United States of America, and in the Palbora districE of ^ 
Transvaalj South Africa, but it is also won in other countri«, 
induding Australia and East ABrlca, The annual production in 
the United States increased from 60,000 tons in 1936 to over 
! 17,000 tons in 1947. The South African production in the 
latter year was over 14,000 tons. 


FULLER'S EARTH 


The fuller*? earths are soft, light p^^h, greenish or brownish 
, ■ ■ ■ c, soapy feei and less plasticity than 

■! II ■■ ■■III 



Some varieties, it is stated, consist 


predominantly of montrooriUonite, the hydrated almriinium siti- 
cate, Al4Si,0„(OH)4.iiHtO, in which magnesium may F^lacc 
part of the aluminium, but the ultimate mineral comj^Ltion of 
the Indian examples still to be dcEcrmined and it is best, in 
the meantime* to reg^d them as chiefly hydrated silicates of 
aluminium with variable amounts of magnesia, lime, alkalis and 
iron, together with a large water content They possess the power 
of absorbing greasy matter and owe their name to their former 
tise in fulliiig, that is in the aoduHng or cleansing of cloth. They 
are still widely used in India and Pakistan as detergents for wash¬ 
ing clothes, and they also form part of the edible earth? and 
medicinal clays obtainable in Eastern bazaars. Such earths are 
used on a large scale in the elarification of mineral and vegetable 
oOa, from w^ch they remove objectionable colours and other 
impurities. They arc also employed in the paint ^d colour 
trades, as ingredienis of soap, fillers of paper, and* in both the 
raw and burnt forms, in ihe manufacture of refractory cements. 

The production of fuller’s earth is increasiug in India, the 
growth of the annual average tonnage being as follows! for the 
period 1924-a, 3*1^ tons; J929-33, 7,621 tons; 1934-81 8 j 424 
cons; 1939-43, *(>*339 **,241 tons. Following the 

divisioD of the coun try in 1947* th* fuller's earth deposits of Sind 
and Khairpur passed to Pakistan, where the average annual output 
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for thr thr« years 1947 to 1949 was 4*965 tom, two-thirds 
of which came from IGmirpur and the ml from Sind- The 
annual average for India for the same three years {1947-9) was 
4,565 tons, all of which, excepting 36 ions from hladhya Ptadesh, 
came from Rajasthan in the following proportions !jfodhpur,61 *4 per 
cent; Bikaner 36^3 per cent and the remainder Irom JaLsalmcr- 

Sind {including Khairpur) and Rajasthan ha^-e long been the 
chief sonTDea of supply: thus, over the decade 1934 to *943, 6a 
per cent of a total Indian production of 93,817 tom came from 
Sind and 37 ■ 5 per cent &om Rajasthan, with the small remainder 
from hfadhya Pradesh. The Sind output was about equally 
divided between Sind proper with 28,851 tons, and the Khairpur 
State with 39 i^SK^ tonSi Ciiriousiy enough, the Rajasthan pro 
duedon was divided in the same way between Bikaner with 17,076 
tons and Jodhpur with 17*1 t 6 tons, Jaisahner forming a poor 
third with 938 tons. 

Many occurrences of fulter’s earth are known in Sind, especially 
in the SukkuT, Mydcrabad and Dadu district, usually in bedded 
deposits associated with limestones of Khirthar age. The Rajas¬ 
than product—the well known Afutiem maith —is a yellowish, 
nncTuous clay of Nummulidc age, which is quarried at htst, 
near Kolai^, ^in Bikaner^ and in the neighbourhood of Banner 
and Kapur 1, tn Jodhpur^ Near Palana, in Bikaner, seams of 
fuUcr^s earth, 6 feet m thickness, have been worked by uoder- 
ground methods. In Jfaisahner there are 5801,000 tons at Nianda, 
30,000 tons at l^fandu and 20,000 tom at Bandah according to 
R. S. Mehtai, The Rajasthan earths before the partition of the 
OT^try in 1947 were sent to Multan and other cities now in 
Fai^tan for distribution. The Madhya Pradesh material is derived 
ma^y frorn roc^ of Iajwct Vindhyan age, in the vidnity of Katni, 
^ c^tnet. Hyderabad (Deccan) possesses depcsits in 

the Chinchoii taiuk of the Gulbarga district, where the clay was 
form^^ly used for fulling cloth and is now witiely employed as an 
ingredient of soap, and as a purifying agent for vegetable oils, 
uthomargic clays which occur about 2^ miles west of Lnkhanka 
m Bhavnagar are diippcd to Bombay wIictc they arc processed into 
^tivatcd fuller s earths by the Bombay-Sewroe Ohenucal Manu- 
wtunng Go- Ltd, according to B. C. Roy. Clays of a similar 
obtainable frnm various plat^ in the lateridc zorws 
of Nawanagarj Junagadh and other parts of Saurashtm as well as 
from Kutch. The demand for such materials is likely to increase 
now th^ two oil refineries have been constmeted on Trombay 
Island, Bombay. 


BENTONITE 

The bentonite was originally applied to a coUoida] type 
01 clay of Cretacecpus age found in Wyoming, in the United States 
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of America. Sifice the oriBinaJ dtsocwery in tflaS, furdicr deposi^j 
from a few inches to several feet in thicincaSf have been frond in 
California^ New Mexico^ South Dakota, Teraa and in other regionsj 
as well as in Alberta and Manitoba, Canada, True bentonite 
has been formed by the alteration of volcanic aah deposited under 
marine conditions and is said to be composed largely of the hydrous 
aiuminium silicate^ montmorillonite, and a closely related mineral* 
bcidellite. Bentonite possesiies die property of absorbing Jaj^ge 
ijuantides of water and of swelling greatly m the process* With 
more water it forms a gelatinous paste and in thin^ watery solu¬ 
tions it remains suspended for a considerable length of time. 

The term has b«m extended, however* and now is used to 
cover other types of clay which csdiihit such properties to a much 
smaller extent—materi^ which absorb but little water, do not 
swell nodceably* settle quiddy in thin dispersions and generally 
approach the fuller's earths in physical etuu^terisdes. They arc 
sometimes referred to as the mciabcntonitci* Between these 
extremes there arc many gradations so that, ^ J. A* Dunn 
advised, actual small-scale testis arc the best means of deciding 
whether any supposed * bentonite * can be used for some 
particular process. 

The commercial importance of the bentonitei can be appre¬ 
ciated from their wide use in the United States of Amerip, where 
764^000 tons were produced in 1947. Nine-tenths of this tonnage 
w^ consumed in the petroleum and foundry industries—31 per 
cent for rotarj^ mud ddlling, 3a per cent for the filtration and 
dccoloriaaiion of oils, and 27 per cent as a bonding agent for 
foundry moulding sands. Bmtooite also enters into the com* 
position of some forms of high-temperature refractorica and 
electrical porcelains* 

BcnECrnile, or a colloidal substanoc closely resembling it iu 
properties, is reported to form a continuous bed, two feet in thick¬ 
ness, in gendy dipping conglomerates of Siwalik age, and to extend 
for several miles, near Bhunber and Rattanpur Sarrara, in the 
Mirpur district of Kashmir, whiaie it vifas originally worked by 
State agency before being t^cn over by private enterprise. Ex¬ 
perimental parcels have been sold for oil-well drillingi petroleum 
refining and foundry use. The mineral is also won by State 
agency at Halhi-Jd-dhani, in the Sheo pargaita of Jodhpur, Rajas¬ 
than. It has also been obtained horn Karauli. in Rajasthan, and 
is known to oceur at Tinpahar^ in the Santa! Parganas of Bihar. 
From J944 to 195O1 i|tifi tons of bentonite appeared in the 
Mineral Returns, valued at Rs ifi^osSp of which &25 tons came 
from Jodhpur, 96 tons from Karauli and 195 ions from Kashmir. 

Indian bentonites have been successfully used in the oilfields 
as admixtures to drilling muds, the efficiency of which is enhanced 
by their thickening and wait-sealing properties. They have 
further uscfiiL fields of application in many problems of civil 
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engineering, whcpc water pcrcolatiein is undesirable, as well as 
is cement manuracture^ in ceramics, and as spreading, filiing, 
binding and emubifying agcnis geacr^y. 

I 

FLUORSPAR 

Fluorspar^ or fluorite, is the natural fluoride of calcium^ CaFp 
a rather soft mineral, usually found in the form of cubes wfuoh 
possfss a perfect, octahedral cleava^i but also in compact and 
granular fonn3+ Its colour range is wide, langing &om clear, 
transparent, colourless varieties to many shades of green, blue, 
yellow, amethyst and nuiple* Transparent, flawless crystals 
bring premium prices in tne optical industry^ for use in (he rnnnu^ 
facturc of specif lenw for telescopes and microscopes as well as 
prisms for spectrographs. The massive, dark blue and purple 
varieties have been used for vases and other ornamental purposes- 

The mineral fuses very easily^ a fact to which it owes its name 
and a great part of its industrial importance as a flux for metab 
lurgical purposes, notably in the production of steel and alumin¬ 
ium. It Is consumed in large quanthlei in the basic* open-hearth 
maitufactine of steel, being added to the bath belbre the furnace 
is tapped, to increase the fluidity of the slag and to assist in the 
remo^ of objectionahlc impurities such as sulphur and phosphorus. 
Every ton of st^l made by this process is said to require from 6 
to S lb- of fluorspar^ Smaller amounts are also needed in the 
manufacture of electric furnace steel, feiro^alloys and in iron- 
foundry operations. Of an acinual world preduction in pre-war 
years of approximately 4^^000 tons, now probably increased to 
Over half a nullion tons of fluorspar pea" annum, it has been esti¬ 
mated that in recent years about 65 per cent was used In steel and 
iron metallurgy^ 

Fluorspar jj (he source of many fluorine compounds, an outlet 
which probably ranks second amongst its many applications. 
Fluorine itself, a pale yellow gas at ordinary temperatures, ob¬ 
tained on a commercial scale by the electrolysis of molten potas¬ 
sium hydrogen fluoride, and probably the most active element 
Imowup is a very powerful oxidizing agent. Hydrogen fluoride, 
“aFg, or in aqueous solution, hydrofluoric acid, made by the 
action of sulphuric acid on fluorspar, is used for etching glasSs 
clouding elcetric light bulbs and cleaning and picldijig metab and 
Wires, but a more important me is as a catalyst in the low- 
tonperature ^kylation of paraffin hydrocarbons and the produce 
tion of aviation spiritt ^^^ongst its inorganic compounds arc 
boron trifluoride, BF^, used as a catalyst in the preparation of eaters 
and tn the polymerization of the oleflnc hydrocarbons into oils 
and ga^lines^ lithium fluoride:, LiF, used in fluxes for soldering 
alummiuui and as a substitute for optical fluorite; ammofiium 
fluoride, NH^F, utilized in the manulactuie of artiflclal cryolite. 
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and sulphur hcxaHuoridc, SF^ a colourltH. inert finding wide 
employment as an insulator in high-voltage electrical and X-iay 
work. Antimony trifluoride^ SbF^ cobalt trill uorid^ CoF^, and 
the trifluorides of chlorine and bromine are vigorous fluorinatuig 
agents widely used in organic chemical processes* Some of the 
implex salts formed from antimoiiy trilluoridc and the fluorides 
of the alkali metals have their tisca in dyeu^, li has recently 
been established that children living in regions in which the natural 
waters contain appreciable amounts of soluble fluorides sulfer less 
from dental otries than those of other arcas^ and in the United 
States of America and the United Kingdom (on an expcrimen taJ 
acalc)j fluorides are now added in small quantities to the drinklrig 
water supplies to control this disease. 

Certain organic compoimdi of fluorine have latcdy assumed 
much industrial imporiance: amongst others are the fluonochloro- 
methanes and -ethanes, known in Britain as 'arctons" and m 
America as * freons *, which are said to be amongst the most inert 
OT^tiic compounds known; difluorodichioro-mcdianc, or freon 
1 has the formula CF-Clj and both ft and related compounds 
are used on a large scale as air-conditioning and refrigerating 
media, as well as in fire extinguishers and in pyrethrum and sesame 
oil, acrsol bombs for the extinction of malaria and yellow-fever 
mt^quiioes* Tetra-fluoroethylenei CtF4^ is a colourless gas which 
polymerizes easily Uito a druse, white, cryitallinc solid which is 
chemicaliy ioert, thermally stable and possesses a low dielectric 
constant. It and related compounds axe used in insulation and 
in chemical plant for valve packings, ^skets, etCn It is marketed 
in America under the trade name 'Teflon^ and in ftritain as 

* Fluon By the polymerisation of fluoro* and fluorochloro- 
olefincaj. according to Hazeidinc and Sharpe, in their account of 

* Fluorine and its Compounds** published In 1951, frona which 
some of these details are taken* it is now possible to produce on 
a commercial scale, oils* peases and solid polymers* while poly¬ 
mers of other compounds yield translucent and transparent plakics. 

The preparation of many of the aromatic (dosed chaln^ organic 
compounds of fluorine involves the use of benzotrifluonde, now 
made in Britain by the Imperial Smelting Co. Ltd. Such aro¬ 
matic compounds are used cstcmivcly in the dyestufe field foe 
wool* silk* nylon and cdluJosc acetate. 

*^The chemical and thermal stability of the fluorocarbons** 
write Hazddine and Sharpe* * make them useful as coolants^ 
sealing liquids* reactioti and dielectric media and high tempera¬ 
ture lubricants in specialized equipment, such as in the recoil 
mechanism of large gum and m apparatus involving the vigorous 
fluorinating agent uranium hexafluoride.' 

Apart from its uso in metallurgy and as a basis maierial in 
inorgarue and organic chcmistiy* fluorspar has many other out¬ 
lets. Thus it is used to facilitate fusion of the materials in the 
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maauracturc of calcium carbide and cyanamidcf in the catrac- 
tion of potash saiEJ from feldspar and the flue dust of eluent 
klln£^ as a bond for abrasive whecli and carbon electrodesi in 
welding rod coatings and in the giassi ceramic and cnanaelUng 
indusiries. 

Though it is widely dlscrEbutcd in sitiAll qnantiiiesj especially 
in association with the ores of lead and zinc^ workable deposits 
of Quo^par are rare and only one that can be so described has 
been discovered in Indian Traversing the borders of Nandgaon 
and Khairagarh,^ about 14 miles from Dongargarh^ Madhya 
Pradeshj is a serira of low ridges striking north and south and 
ortending at intervals for about i!i miles. These are formed by 
quarts veins of pegmaiitic origin, up to 60 feet in width, developed 
along a nairtw shear zone in granite. They contain sporadically 
scattered grains of gal^a and pyrite with flnonpaTj particularly 
at Ghandi and Kotnapani, where they average afi to 30 

per cent of fluorspar. The estimated reserves^ to a depth of 60 
feet, are of the order of 104,000 tons in Xhairagarh and 46,000 
tons in Nandgaon. Between 1939 and [§46 approximafely 9pOOO 
tons of fluorsp^ were taken froin the Khairagarh deposit, includ- 
mg !j 329 tons in 1944 and 431 tom in 1945* 

Several quartz veins carrying fluorspar^ including one with 
^ average width of 30 feet, traceable on the surface for 7>ooo 
feetj escist at Ghurakuta, G hn.Tlrn.rh hAr and JMakarmuta, tn the 
Mahasamud ia 4 ti/ of the Raipur district, Madhya Fradesh. 

The quartz-calcite-fluorite veins In gneiss at Barla, Kishangarh, 
Rajastl^, have been investigated by the Tata Iron & Steel Co, 
with disappclnting results. Other occtirrenccs, perhaps of more 
n^eralogical interest than economic importance, include the 
violet cr^^stals a 55 cx:iated with quartz, calcite and barytea in shear 
zones of limestonei at Malhar^ Murwara tahsilf Jabalpur district, 
Madhya Pradesh i the presence of the mineral with lead and 
t^ptr ores at Sleemanabad, in the same district; the small quan- 
Dttes found m the^Bhander Limestone of Rewah; the crystals from 
Mitagasht, in Chitral (PaJcisian) and Wangtu, in Kangra, as well 
M the coJoitrl^ss varieties of the woifram^bearing quartz veins of 
Tavoy, Burma, and Degana, in Jodhpur, Rajasdian, 

As the output of Indian steel has grown, the imports of fluorspar 
have increased from 300 or 400 tons annually, during the years 
upwards of 1,500 tong per ajinum at the present time, 
tne rata concern alone taking over 10,000 tons between 1934 and 
JM 3 ' With the coming cxpansioti of the atecl and ^umLtuum 
mdmtrics, the demand for fluorspar will be much greater^ to say 
nothmg of ^e chemicaJ and other purposes for which it will be¬ 
come desirable. 

of the principal Bted-produdng dountric* possess their 
«fwn fluotspar resoinxci* but, unfortunately^ this docs not yet 
apply m the case of IzKlIa, where efforts must he made to hn her 
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from dependence on imported supplies of a strategic mineral- 
The search for fluorspar demands a high priority: although 
normally an ^ily recognizable mineral Ofwrng to iti wide colour 
range and crystalline fomij this is not always the case, and yaliiahle 
deposits have somedmea pas^ imrccogniicd fbr years in other 
lands. The systematic underground exploration of kno^vn de¬ 
posits, such as those of Khairagarh and Nandgaon, is also neces- 
jtary before their potcntiaiiiics can be properly assessed. Should 
these prcft'c large enough in depths the millings concentration 
and prepaiation of the ore into grades suitable for metallurgical, 
chemical and ceramic uses can be con 3 idcTed+ 

India possessesanothcT poienual source of fluorine in the apatite 
deposits of Bihar and elsewhere and in the mincrab of the fluor* 
apatite group contained in the phosphate deposits of South Arcot 
and Pondicherry. When these come to be develops for the 
manulacturc of phosphatic fertilixm, attention should be direct* 
ed to the recowry of fluorinr>beariz]g byproducts during their 
processing. 

MAGNESIUM CHLORIDE 

The chloride of magnaium, MgCl,, is used chiefly as a sizing 
agent in textib mills where all warp yams before being taken to 
the looms are passed through sizing mbtUires^ to keep them sofi 
and pliable, to increase their strength and weight and so enable 
them to offer greater roistance to wear and tear than would 
otherwise be the case. The hygr™opic charuter of mapesiuiii 
chloride makes i t a particularly suitable ingredient of textile sizes, 
which may in addition contain other materials such as floury 
tallow* starch, china day, zinc chloride and magnesium iulphatc. 
The consumption of magnesium chloride in India varies greatly 
at different textile centre^; dius m the dry and hot dk^te of 
Ahmcdabad much more is used than In fcmbay, for example. 
The compound is also used in the dressing and filling of cotton 
and woollen fabrics, as a lubricant in calico weaving md in dyebg. 

Besides its applications in the textile industry, magnestum 
chloride is used* in oombination with magnesia, to make the 
oxychloride cements of the building trade which arc referred to 
under MAOfTESi™, and most of the foreign dernand[ for the Indian 
product is bclie^'ed to be for this purpose. Solutions of the salt 
are employed as refrigerating media and it is abo used far fire* 
proofing wood* in fiic^pmof paints and fire exiinguisbcrSp in the 
treatment of mine timbers and in prepararions for laying dust on 
roads, tn addition to many further minor purposes. 

Before the first world war (1914-18), the manufacture of 
magnesium chloride was to all intents and purposes a monopoly 
of Germany, where it was recovered from the camalhtc depcssits 
of Stassfun* carnAllitc being the natural hydrated chloride of 
potassium and magnesium, KCLMgClj.6HjOp Indian imports 
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of the substance ceased with the outbreak of this war and attention 
had to be directed to home resource*, as the minerai was known 
to exist in the bitterns of the salt works at Khaiaghoda, on the 
Little Rann of Kutch, and in those of Kuda, 10 miles away, in 
Dhiangadhra. The Gorinmment of Bombay invited tenders for 
the right to remove the Kharaghoda bitterns finm the ofi^ial salt 
works in 1916, and the successful production of magnesium 
chloride was inaugurated by the Pioneer Magnesia Works, a 
private toneem whinrh owed its origin to the enterprise of B. S. 
Lalkaka. Space docs not permit a summary of the development 
of the industry, its early successes, its diflicultics in the export 
trade. Its struggles with the revival of German competition and 
IIS appeals to the Sutc for protection. It must suffice to mention 
that ^e Mayurdhwaj Mapsia works at Kuda, in Saurashtra 
and those ofTata Chcinicalj Ltd at Miffiapur, 7 miles from Okha 
a ^mbay enclave in Saurashtra, both commenced to mag. 
n«ium chlonde m (93a. From 1916 to the end of 1047, a total 

^3^679 t^ had been produced, of which 83-5 per cent came 
from Kharaghoda, g-s per cent from Mithapur and 7 per cent, 
approxjjmtcly^ Scorn Kuda^ 

As early as 1930, smal], trial consignment* had been well 
receivT^ in the United Kingdom, but shipping difficulties, in¬ 
creased later by renewed German competition, hampered the 
devdo^m of the export trade which really only commenced 
in igae. From «hcn to the end of 1947, 28,941 tons had been 
shipped abroad by the Pioneer Magnesia Qjmpany, Of the 
I 7 » 45 i Mported by that concern between 1037 and 30 April 
‘9f8. 67-3 pff ™t was dtsiined for Great Btitain, 17-3 ^ o«t 
for Holland, 6-6 per cent for Australia, 6-4 per cent for S^di- 
navian countries, 1 -4 per cent for Czechoslovakia and ft per 
pent for South African ports. The total capacity of the indus^ 
li 15,000 tons per annum—10,000 torn at Kharaghoda, 3000 
t^ at Mi^pur and a,ooo tons at Kuda, while before the lastwar 
the home demand was about 4,000 tons annually, though this was 
halved for the time being by the Cotton Textiles Siring and Filling 
Order of 194a. A large surplus is thus left for export 

Valuable by-product* are now also manufactured including 
magnesium sulphate, potassium chloride, potassium bromide and 
as weU as various other chemicals. At Khara^oda, 
e bitterns fifont the saJt worksi thetnselv^ drawing hrmts from 
Weils soipe 20 feel deep^ are exposed in shallow ponds to solar 
ei^poniuoa for 8 days before transfertaice to the boiling pans, 
where a white, waxy material is obtained which, after solidffi^ 
tion and cooling, forms the * fused ULagn^iiim chloride * of com¬ 
merce. The remaining sludge* whetj mixed with ^-ater and 
ow to sLmd in troughs for 4 days^ yields magncsiuin sulphate 
^psom Salt), ^e final mother liquor h rctumed to the 
storage ponds. The ccnnmcrciai ‘ crystal magnestiim chloride ^ is 
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obiaincd by E^aling out the strong: aolution from the boUin^ pans 
and ailowing it to crystalljze slowly^ Ey mixing the concentrated 
bitterns with soda ash^ and exposing for some days to the air, 
magnesium carbonate is obtain^^ a compound which is used as 
a filler in the rubber Lndiistiy^ and m the manufacture of boiler 
lagging. Calcium chloride, magnesium bromide and brouiiuc 
arc also made at these works. 

Salt from the Kuda works is supplied lo the alkali works at 
Dhraugadhra, where about 30 tom of soda ash and 5 tons of cal¬ 
cium chloride arc made daily. After the recovery of about 
60^000 tons of bsTogm salt from the Rann brines^ some 1,800 to 
a,000 tons of magnesium chloride are made annually at Kuda by 
methods similar to those used at Kharaghoda. 

At the Mithapur works, according to K- VaMlj sea water 
is the starting point instead of the underground brines of Khara- 
ghoda and Kuda which, as the analyses given on p^ 560 show, 
have smaller amounts of potassium chloride and magncfinm 
bromide. The sea water gains access to the shallow lakes and 
reservoirs through sluice gates operated automatically by the tides, 
and travels for 7 miles through them and their connecting channels 
while undergoing solar evaporation. The salt pans diemsclve* 
are so designed (hat their bUtems gravitate naturally to a central 
pumping station whence they are delivered to the factory, where, 
cooled by refrigeration, they deposit a crop of ^ commercial mag-^ 
nestum sulphate \ Further evaporation yields mixed sails contain- 
ing kieserite, the hydrated magnesium sulphate. MgSO^.HjO, and 
potassium chloride, sylvite, KCl, while from ^e residue commer¬ 
cial magnesium chloride is obtained, and during this final opera¬ 
tion bromine is evolved* By the use of specially desipted plant, 
mixed salts containing camallite, the hydrated chloride of potass 
sium and magnesium, KCLMgCljF^HsOi and kieseritc are obtain¬ 
able, and the former, under properly regulated conditions, yields 
potassium chloride and a solution of magnesium chloride* The 
quantities of the various salts recovered from sea water at Mithapur 
over the years 1943 to 1948 are given below: 
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Around th«e works a heavy-diemical industry has grown up 
since i939i the local coraJ reef being used to suppLemoit the |sro- 
ducts obtained from sea waten In 1953-4 the Tata Chemical 
Works at Midtapur had a daily output of 135 tons of soda ash^ 30 
tons of caustic soda;, 7 tons of chlorine^ 3 o tons of magnesium 
chloride^ | ton of bromine, 4 Ion of potassium and other bromides, 
3 tons of Epsom salt, 7 tons of hydrochloric acid* together with 
some other products- 

In so far as magnesium chloride itself is concerned, the sup¬ 
plies of raw materim ore unlimited^ the manu^cturing processes 
are simple and require no elaborate machinery involving the 
employment of expensive, skilled labour. There appears to 
be wide scope for its further development, though in normal 
times severe eompedtion Is likely from Genuanyp Japan and 
Palestine. 
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STR-OKTlUM ItlNERALS . 
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STRONTIUM MINERALS 

StrontJuin is me of the alkalLtie earth metids and a close rdadve 
of calcium and barium, but its natural compounds are much 
scarcer Uum those of ei^er of these elements and commercially 
are coniined to two miueralsj strontiauite, the carbonate^ SrOO^^ 
with 70-a per cent of stroutia, SrO, and edestite, the sulphate;^ 
SrSO^* with 56 *4 per cent of stroutia. 

Strontianite ii a soft^ pale gree^j yellow, grey or white mineral^ 
crystallLimg in die orthorhombic system but usually found in 
eranular or fibrous foniu^ It has been identified in spccLment 
from the l^arari valley, on the road to Las Bcla^ Baluchistan, 
and it occurs in grruall quantities with the cekstixe of the Uttattur 
Stage of die Cretaceous rocks of Tiruchlrapalli, of which it Is 
probably a weathered product. 

Cclestite too is a paJc^loured^ soft mineral bdonging to the 
orthorhombic system, sometimes found in tabular crystals with 
a perfect cleavage, resembling these o-f barytes, the sulphate of 
barium, from winch it is easily distinguished by its !ov/er specific 
gravity and its crimsOD fiame reaction. It occurs more commonly 
in fibrous, radiating, concretionary or granular forms. 

The edestite deposits of the Tiru^rapalli district of Madras 
are important: discovered in 1893 hy Dr H. Warth, they were 
forgotten until [9391 when N. Jayaraman and Dr K. R. Krishna* 
swami identified the miDcraJ again in specimens sent to the Indian 
Institute of Science, in Bangalore, by a company engaged in 
gypsum mining in the same region^ The occurrence was in* 
vestigated by Dr M. S. Krishnan and N. K. N. Aiycngar of the 
GcologicaJ Survey of India in the first quartir of 1940, and they 
have shown how the Uttattur clays arc traversed by sparsely 
distributed veins of cclesdte, in an area lying between latitude^ 
a" and ir* 9" and longitudes 178* 5' and 78® 56\ and 
bounded by the following villages: Periyakuruldtai, Keykulani, 
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Namlsaitkiirichchij Uttatmr, TcranippiaJajyaiii^ Karaj\ StrukanbuTi 
Kulaktakiattam, Aymapurain and Nallur^ The veins near the 
first two vilLa;^ are petor but those further north arc better* The 
celestite^ in coarse fibres and columnar crystals, forms 
fibred veins* with a ceniral line ofjtuicdon where the fibres from 
the walls meet, one to four inches in thickness. E^ttcmal surfaces 
and central lines alike erfiibit a little g^'psuin, calcite, strontLaniic 
and clay* The mineral generally has a light buff dni due lo iron 
staining, but freshly broken is white^ pale yellow or pale blue 
in colour* It ii also found in negligible quantities filling cracks 
and forming concentric shells around phojphatic nodules and even 
replacing reptilian bones. 

The veins are particularly abundant east of Ultattur and 
berts^cen Kami and Ki il akka Inattam* where the abundance of 
surface weathered materiaJ is impreaghe and rather deceptive, 
for preliminary^ shallow pitting showed that the celestite content 
is but a lo 5 per cent of the volume of the gypsum contained in 
the strata. At the same time, as Dr M. S. K^hnan points out* 
thin amounts to between 44,000 and tin,ooo tons to a depth of 
10 feel, or to something of the order of | to 1 miHlon tons, if the 
veins condnue unaltered to a depth of 100 feet. 

Celestite has been found at a number of localities along the 
low scarps of the * Gypsum Hills \ over a total distance of 3 or 
4 miles* three to four miles east and north-east of Daud Khd 
railway station, on either side of the line in the Mianwah district 
of the West Punjab, Pakistan. The mineral occurs ai fibres or 
radiating crystals in a network of cross-fibred veins, the mineral* 
ized zone being about 40 feet duck, closely associated with the 
massive gypsum of post-NummuIilic age, and overlain by ihe 
Ghinji (SiiA^lk) formation* At one loc^ity* miles north-west 
of Jaba* there it a vein about 100 feet long and 3 to 5 feet ihickt 
which rites prommendy to a height of 6 to la feet above the sur¬ 
rounding country. Other promising localities eidst in the ndgh* 
bourhood of Khalrabad. Trenching and pitting of the large vein 
mentioned showed reserves of the order of 7,000 to 10*000 tons 
to a depth of ao feet, samples of the ore containing 82 ^ 7 per cent 
of strontium sulphate with silica and lime as impurities. 

F. Fedden, of the Geological Survey of India* noted the oc* 
cun-cncc of celeste in the Kohistan region of southern Sind as 
long ago as 1879, but it has only attracted attention within the 
last few years* A bed o-f crystals and granular masses of cclesUte 
of varying size* locally termed cMrolif occiirs in Nummulitic lime¬ 
stone, dippitig almqat vertically* at the foot of the Stir Hange^ 
fi miles of Thana BulU Khan. The whole length of the 
bed Is not leas than 2^ or 3 miles, but ^king a length of 1,200 Ifect* 
near Nimewari, where it baa a thickness of sj feet, the Geo* 
logical Survey of Pakistan estimates a reserve of io,0OO tons to 
a depth of 30 feet. The location is waterless* the nearest supply. 
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and that a scarec one, being^ 6 miles away at Thana Bulla Khan, 
which h ^4 miJes from Meting railway station. Some quarrying 
of oclaiJLe has been done at Nimewari, the mineral being carried 
on camels for 4 miles, bcTore loading on to motor trucks. 

In 1949^1 ^ Khan of the Geological Survey of Pakistan 
examined a lenticular, vertical vein of pure white ccl^titei in a 
prominent range of foraminlferal limestone (perhaps of Laid, 
Eocene age), 4 miles wen of Kaln Kidiar, and about ^io mites 
north of Jungshahi, in the Dadu district of Sind. Its length u 
70 yards, its maximum width 10 feet and its exposed depth lao 
feet. The visible quantity available is 10,000 tons. 

Strontium Jiself is a soft, white naetaU of low specific gravity 
(3-6)1 which can be prqsared by the electrolysis ofits fused chloride. 
In its properties it resemblea calcium but it is more reactive chem¬ 
ically than that metal, though like its sister element harinm, 
it has still to find useful appUcadom requiring substantial 
quantities. 

Powdered cclestite is sometimes used as a substitute for barytes, 
not only in the muds used in oiUwell driUing^ as in West Pakistan, 
but also in the various paints and pigments, composidons and 
hllcrs, in which that mineral Is normally employed. Small 
amounts are also consumed for purif^g caustic soda. The 
ground carbonate, strontianite, is used to remove sulphur and 
phosphorus from molten sleei; at the same dme it acts as a dux 
in the open-hearth furnace, increases the fluidity of the slag and 
reinforces its basic character. Both minerals are used in the 
prepaid on of salts, a number of which are employed in pyro¬ 
technics, medicine and the glass and ceramic industries. The 
intense red or briilLant crimson colour of dreworks is due to the 
strontium oompoimds which they contain and for which there arc 
no edeedve substituteSi They are also employed extensively* 
pardcularly in the form of the nitrate, peroxide and oxalate, in 
the fillings of fiares for ships and aircraft. Very lights* military 
rockets* tracer bullets and in aU kinds of signals required to bum 
with a red light. 

It is incorrect to state, as many textbooks do, that strondum 
hydrate, Sr(OH)^ is used in the refining of sugar. It was udlized 
in a pit^s devclt^ied years ago in Germany and France for the 
desugarizmg of beet molasses, but this is not leftning. Strontium 
is not the only element which possess the power of forming 
lacoharatcs with sugar* for while two saccharates of strondum 
exist, there are also three of liiae and one of barium, and com^ 
pounds of all three of these closely related elements have been, 
or employed on a commercial scale. The strontium, or 
Scheihler* process was sdl! in operation at Dessau, in Gmnany* 
in 19^ several other installations were lying idle at that time. 
The process is not used in the United States, Canada or Great 
Britain. The Steflen process, which utilizes the formation of the 
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saxchArate of lime in diluted solutions of mobsses^ was and is 
used extensively m Europe. In the case of the beet-sugar in' 
du3tr>^ of the United StaicS;, the residual molasses from the lime 
process is collected and is further treated by a barium proccssp 
at the Johnstown factory in Colorado, and a further crop of white 
sugar (sucrose) obtained &om it- According to published in- 
ibrmationj Italy is the only other country where the barium pro* 
CCH is in UK at presenL As far as Great Britain is concerned, 
no sugar is being recovered from moUascft, indeed the home pro* 
duction of beet molasses has to be very l^gely increased by the 
importaiion of cane molassta, in order to meet tlie demands for 
the producuon of baker^s yeast and industrial alcohoh ^ latter 
being the purpose for which, increasing amounts of their ovm 
molasses supplies arc required in India and Pakistan. We have 
to acknowledge the kind assistance of the Direcior of Rraearch 
of Tale & Lyle Ltd in the collection of this informationr from 
which it will be seen that there is very liitlc hope of a demand 
for Indian strontium salts horn factories engaged in the manu¬ 
facture of su^. 

No statistics of the Indian imports of strontium salts are avail- 
able, though they probably amount to a substantial tonnage 
annually^ mainly for use in fireworks, but as the manufacture of 
such salts from strontianite is comparatively casy^ there is no 
reason why they should not be prepared locally in hoih India and 
Pakistan. In pre-war years the world^s annual production t>f 
strontium minerals was about 7^000 tons, of wlucb the United 
Kingdom supplied over 90 per cent, from the celcstitc occurrences 
iji the Triasaic rocks of Gloucestershire. During the vrar 
however, new sources of celcstite w*cre developed in both Mexico 
and Spain, and the exports from the former country 10 the Unitrf 
States in 1943 alone totalled 9,876 tons. In S947i the United 
Kingdom produced 4,824 tons of strontium minerals and Mexico 
about a,000 tons of celcsiLtc. There is as yet no recorded output 
of celcstitc from India. In the years 1948 and 19491 a to^ of 
ifOjo tons was raised in the province of Sind, West P^iatan^ 
while a further 200 tons of" barite * from the same province, m 
1948, is believed lO have been composed Largely, if not cntirelyf 
of edestite. For foller detaib of these interesting minerals, the 
reader is referred to Dr M* S* Kxiihnanb comprehemive btdlettP 
regarding them, in it will be found fuller accounts of their U3« 
than qan be given here, as well as of their grading, marketing 
and prices. The reserv'es of these minerals In both India and 
Pakistan are vastly larger than the requimnents of either country 
of strontium chemicals at present, or in the foreseeable future* 
Any large-scale development of the deposits in Madras, W^ 
Punjab or Sind therefore, appears to depend on the possibility 
of pkcmg high*grade, powdered celcstite in the export market 
at ruling competitive prices. 
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MINERAL WATERS 

The lodlaix peoples have recognized the value of the Hot and 
mineralized springs of their county for ag^: their localitis arc 
often objects of pilgrimage or the sites of annual fairs, and, rightly^ 
or wrongly^ most of them art reg^ded aa cMcatioiis in die treat¬ 
ment of dermatic complaints, goitre, arthritia and other di^eases^ 

Thomas Oldham, the first Director of the Geolo^cal Survey 
of India, published an account of the thermal springs in i8Sa and 
his list, admittedly far from complete, contains the names of 298 
separate localities ? to it X D. Touche added a further 43 
locations in 1918] remarking that these do not include all the hot 
springs, but only those waters reported to possess some medicinal 
value or known to chared with mineral matter in solution. 
In 1939, Dr P. K* Ghodi and his collea^ci B. C. Gupta and 
P. Kv Chattojee commenced a systemattc investigation of the 
whole subject, which unfortunately came to a premature end 
owing to more pressing war-time demanda, after field work in 
Bihar, Bombay, parts of Uttar Pradesh, Madhya Pradfiih, the 
Punjab and Bengal, involving ita occuircnces, had been 
completed. 

Dr Ghosh’s account of his researches, aided as they were by 
clalx^te chemical analyses of the waters by the King Institute 
of Gulndy, Madras, the Public Health Laboratories of Poona and 
the Institute of Hygiene in Calcutta, is the standard work on 
this subject from which the following brief notes are maml;|f taken. 
It is shown that there are four belts of country in which the 
majority of the mineral springs occur: the firstp in Bihar,^ more 
or less parallel to the bound^cs of the coalfields, and in the 
Rajgir and Monghyr areas ^ the second, along the western coast 
of India, in the Ratnagui, Thana, Kolaba and Surat districts of 
Bombay; the third and fourth. In the Sind-Baluchistan and 
Himalayan regions respectively- Outside these four broad belts, 
there are other smaller areas where the disposition of the springs 
folLows the general tectonic trend of the country, notably in the 
Mahanadi vahey of Orissa, the Birbhum and Daijceling districts 
of West Beng^ parts of Assam, Sikkimp and certain portions of 
southern India- 

For exact details of locations, compositions, tcmpcrattircs and 
flow, the writings of Dr P. K. Ghosh should be consulted. It can 
only be pointed out here tliat waters equal in quality to those of 
many of the well-kDOWn Emopc^an and American spas have now 
been proved to be available in large quantities in India and 
Pakistan. They include the following varieties:—^t) Waters of 
remarkable purity, carrying a minim i im of foreign matter in 
solution^ of cold types such as thdac of Patalsur and Parasnath, 
in the Haaarihagh district of Bihar, or the Mossy Fait of Mus- 
soorie, in the Dchra Dun district of Uttar Pradesh, comparable 
with the welhknowzi Evian waters* or again of thermal types 
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typified by the BTahmaJouid and other aprlngif of Rajgtr, (r) 
Alkaline waters, both cold and thermal, exempLihcd in the first 
case by the Brindhlial well of Banaras which h of Apollinaris 
typCp and in the second by the mixed Vichy-like waters of Qandhr 
warn* Hasaribagh district, Bihar ^ Chhota Anhoni^ Hoshang^bad 
district, Madhya Pradesh and Sohna, Gtirgaon districti East Punjab. 
(S) S^pburetu^ waterrs, cold^ as at Sahasnidhara, in the Dchra 
Dun district again, or hot^ as at Duari and Surajkund, in Hazari- 
bagh. These correspond broadly to the European B^ Neundorf 
and ALx-les-Bains waters^ respectively. (4) Hot saline waters 
of the Marien^uellc and Leamington Spa cypes^ occuiTing at 
Umhera^ in Koiaba^ Unhara, in Hatnagiri, and in the Vajresh- 
wari springs of the Thana district, Bombay. 

Many of these Indian waters, and those of Bihar in particuluTi 
are radic^emanativc while some springs in Bombay are said to 
possess permanent radio-acdvity. 

^ A few examples from regions ncit included in Dr Ghosh's survey 
tnclude the hot, sulphurous springs of Sikkim, one of which., at 
Monai, issues close to the foot of the Kanchanjhau glacier; the hot, 
chalybeate spring of Garhwal j the ioduie^bearing, saline waters 
of JawaJamuMu, in the Xangra valley, and the many more springs, 
both hot and cold, of Him^haJ Pradesh, Spid and Kashmir. In 
Baluchistan, there are the intensely saline and sulphurous springs 
Bcrar, tn Las Bela, and those of Khattan, in Sibi, both of 
wiuch groups deposit sulphur, saline encrustations and, in the 
btter case, calcareous tufa. Others are known in Kachhi and 
the Bolan Pass. 

Hot springs have a wide distribution tn Burma, from the Palau 
suWivision of Mergui in the south, through Tenasscrim, Karcnni 
Md the Shan States and thence across the frontier into Yunnan. 
The hottest springs, with temperaturea up to R, form a group 
js^g from granite near Pai, in the eactreme south of Tavoy 
mstnet. Further north, near Myitlha, anothff group occurs, in 
this case of a sulphurous character. Still more are found at T jmk * 
and Yebusau. The hot springs of Attaran, in Amherst 
district, form large ponds of hot, carbonated and ferrtigmous 
water, while others are known on Belugytm Island, near Moul- 
mein. The hot springs of Kchst Mansam, with temperatures of 
T “l known in the Southern Shan States. 

In the Northern States, 4 miles nortk of Lashio, there is a very 
copious dischai^^ of water, not far from boiling pointp charged 
with sulphate of lime and magnesia. 

Well advertised mineral waters have an economic value as 
the numeraus kiuds from Europe and Jfapan ofrered Ibr l y^le in 
India demons^te. The water of a spring at Sipri, in Gwalior, 
™itkd Md marketed by a Bot^ay firm^ while those 
ot aitakum^ ijear Monghyr, were utilised by a soda water manu- 
tacturs m Calcutta, but beyond these no couuncrclal developments 
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appear tQ baw been attempted. Nd statudes Arc available 
of the value of foreign waters imparted into India, * nor adds 
Dr Ghosh, " of the amount of money spent by Indians on spa- 
treatment abroad'. The ownership of the medicioal springs is 
vested either in private hands or in religious bodies^ but he addsj 
" times are changing fast and it may not« long before such owners 
will wake up to the call of a progressive ageWhen that day 
arrives it will remain for the medi^ profe^ion and the capitalist 
between them to turn these bountiful and beneficent gifb of nature 
into the sites of modem spa sanatoria. 

LITHOGRAPHIC STONES 

The art of printing from drawings made on stone is said to 
have been introcuced into India in iBas by T, N, Rind, who was 
afterwards placed in charge of the Government I-ithographic Press. 
As the process proved applicable to the reproduction of the var^ 
ious Indian scripts, where types were not available, it was not long 
bdfore ft was adopted all over the country, and the number of 
prases using it, mostly in Indian hands, was, in the course of a 
few years, very considerable. The great cost of suitable stones 
imported from Europe early led to trials of stones of indigenous 
origin, which it was hoped would supplant those bought from 
abroad. Writing in on the general character of lithographic 
stones, Valentine Ball made the following observations t ‘ Lime¬ 
stones suitable for lithographic purposes are not of wide distribu¬ 
tion; the combination of qualitiH requisite are not often found 
united^ The best stones are compact and uniform in texture, and 
are free fi'om veins, flaws and spots; they are generally of light 
colours, for although stones of dark colour can be used for certain 
purposes, for others it is necessary that the lithographer should 
have a light ground to work upon,* Ball quotes a number of 
[ocaiid« where more or less suitable limestones might be obtained, 
and many of them ate of Vindhyan age, though the Jurassic and 
younger rocks of Jaisalmcr^ Kutch and the Punjab are also in¬ 
cluded, A fiilier list can be found in T, D. La Touche's Biblw-- 
grapf^, though be adds t * No thoroughly efficient substitute for the 
lithpgraphk stone imported from Germany has yet been found 
in India, but stone that answers the purpe^ fairly well has been, 
met with at several places.' 

During the first world war (1914-18J, when the supply of 
German stones entirely ceased, experiments with various IncUan 
stones were made, and although some of them proved suitable for 
the rougher kinth of workt on the whole their performances did 
not approach those of the finer qualities of the Gemian and 
Austrian stones^ and, with the end of hostilities, it was not long 
before these again regained their Former position in the Indian 
market. Today, the spread of newer methods of printing has 
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reduced the demand^ espccUiIly in the Calcutta market, to very 
small proportions. In some places, however, as, for c^tamplej 
around Sivakasi^ in the Rainanathapuram (Ramnad) district of 
Madras, them are still many flat-bed Utho*printing madiines in 
use, but the life of a good stone is a lengthy one^ and such new 
ones as are required are obtained from Germany or Austria^ 

The most promising material available in India is obtainable 
in certain bands of the Naiji Stage of the Kumool Scries, which 
baa a wide distribution m the Kumoof, Guntur and Krisbna dis¬ 
tricts of Andhra; the best variclies exjming from Dachapilii, in 
Gimiur; from Kondapilli and Jaggayapetta In Krishna, and from 
various places in the Tungabhadra valley of KumooL In Pakistan, 
some varieties of the limestones of the Khirthar Group of Sind 
have been recommended as suitable 1 ithogfaphic stones. 


ZEOLITES 

The zwlitcs form a large fe^ly of hydrated silicates of calcium 
and aluminium^ sometimes with sodium, potassium and barium. 
In composition, association and mode of occurrence they are 
droly related, and when heated before the blowpipe they swell, 
^th and appear lo boib qualities which have given the family 
Its name, from two Greet words meaning * to boil - and * stone ^ 
Th^ are found, often in beautiful crystals, lining the eavitica of 
basic igneous roeb, and arc tmusualJy abundant in some of the 
flows of the Deccan Trap, where they occur not only in hollows 
and cmcks, but as solid amygdulesT especially in the more de¬ 
composed beds of lava, and, being more naistant to weathcimg 
pan the enclosing rock, they remam strewn on the surlkcc as 
it disintegrates. They are closely associated %vith, and sometimes 
coated by layers of * green earth “'j or celadonitc, a mineral w^hlch 
u abun^t in the amygdaloidal flows of the Deccan Trap, often 
fill^ the smaller cavities completely. It is supposed to be a 
sm^te of fron, magnesium and potassium, thoiigh no fuJI analyses 
of the Indian mineral are available. 

Sdlbite; a hydrated jjbeate of Kidiuni, caJcium and alumlmiim 
{N^Gi)(y 35 i,) 0 i,, 6 H, 0 , Is perhaps the comnionest Indian 
acoiite, while next in abundance arc apophyllite, a hydrated cab 
ciuni po^i^ fluosilicatc, KFCa,SigO„. 8 H, 0 » which ia not a 
zooltie but u usually tscluded in the family; heulEmdite, a 
hytora silicate of calcium and almninium, Ca.fAl.Si,*10,^ 
^C^iSisOifl).3H,O j and laumontite, (6a,Na) 


-while thomsonite/ NaGa4(Al,SLO«).6H,0, 
bazite, (C^Na)fAl^iJ0i,.6H,0, and a number of others 
. occur. Beyond furnishing magnificent specimens to the 
minaal gallerici of museums in many parts of ^e world, Indian 
^ve had no other uses. Readers interasled in cjoet 
oetails ot the vanoiu occurrences are refened to the lists, too 
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lengthy U> reproduce here, given by T.^ D. La Touche in his in¬ 
dexes to the Records and Memoirs of the Geological Surw^^ of 
India. To them may be added a new find near Earpallij in 
DaspalJa, Orissa, wbo^ stilbite is present as transparent plates and 
radiating fibrous masses in pitiJc, bJotite gneiss. 

In [&5Dj the English i^emist^ Thomas Way^ discovered the 
phenomenon of base-exchange and in 1858 Eichliom showed that 
the natural zeolites possess this property^ Under suitable condi* 
dons the metallic constituent of die alumino-silicate portion of the 
zeolite can be replaced by other metals^ moreover, the process is 
leversihle. Thus when ‘ hard * water^ which may contam the 
bicarbonates^ sulphates or chlorides of calcium and magnsitim 
in solution j is passed through a bed of zeolites, crushed and screened 
to suitable sizes, the calcium and magnesium iom which it is 
carrying arc exchanged for the sodium ions of the zeoUte* the 
water becomes ^ soft * and no longer needs inordinate quantities 
of soap to form a lather, or forms scale when used as boiler feed 
waier* THs softening acUon continues until the base-exchange 
material, in this case the zeolite, contains no more sodium ions 
to cxchwge for calcium and magnesium, ft must then be tc* 
generated with a pre-determined quantity of common salt brine, 
washed to remove all hardness salts, when it is again ready to 
soften the next batch of ^ hard" water. This cycle of alternate 
softening and regeneration can be repeated almost indefinitely. 

Natu^ zeolites were first used in the bcct^sugar industry about 
iS^Bp to replace the potassium compounds of sugar juices by 
calcium and so increase the yield of sugar crystals. It was m the 
early years of the present century that the base-exchange sili^tes 
were firxt de%-eloprf for water-softeoingp for both domestic and 
industrial useSi by the German chemist, R. Cans. It was soon 
found, however, that other minerals, particularly glauconiuc 
greensand, fuller's earths and other clays, possess, this property of 
base-exchange and that natural zeolite could be cloKly tmitated 
by artificial compounds, such as the porous gels made by fusing 
ndxturcg of quartz sand, kaolin and soda ash, or by mixing solu¬ 
tions of sodium aiuminatc and sodium silicate. Later sdil came 
the disco^icry that sulphonated coal and certain synthetic resins 
are even more active agents for the same purpose. Thus the 
term ‘ zeolite ’ has been expanded far be>™d its true and original 
meaning, and in commercial mage may now include all or any 
of the following three groups of materials used for water softening 
by exchange: 

(1) Natural zeolites, purified mechamcally and then treated 
dicmicdly to enhance their prop^ies. 

S^thetic zeolites, formed by fi^ion or by chemical com¬ 
bination in solution. 

(3) CarbonacHsus materials^ produced by activating coal, peat 
and lignite with sulphuric acid and certain synthetic rains. 
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These newer materials can be zzLadc acid-resijtant so that the 
exchange of hydrogen lom for scdiuin, magncaium and calcmni 
becomes possiblej thus ptssaessing considerable advantages over 
the older ones as theh* regeneration Ia equally easy^ By suitable 
combinations of base and cation exchange^ salts can now be com* 
plctcly removed from solution and practically pure water ob- 
Earned. Such processes are in operation on a Large scale in 
ehemical works^ distilleries, high-pressure boiler houses and so on. 

The only natural mineral in common use today for water 
softening is glauconite^ a complc^j hydrous silicate of iron and 
potassium, also containing some alrnnlnlum, magnesium and 
calcium. Its formula pO£§ibly is Kj(Mg,Fe}fAl|(Si40jQ)g(0H)]|. 
It occurs principally a$ a constituent of the Cretaceous greensant^i 
in small, angular or sub-rounded grains, 0^25 to 1 mm, in 
diameter and of yellowish to blackish-green colours. It is also 
found in sub^littoral, marine deposits in actual formation at the 
present time. 

As the calcium ion concentration of natural hard waters la 
rarely sufficient to elTecC direct replacement of the potassium ions 
in gbuconite, the mineral is usually acdvaic^ by treatment with 
a solution of sodium chloridCp to tiibsdtute its replaceable potas¬ 
sium ions by sodium ions. These readily make way for the cal^ 
cium ions in any hard water passed over the activated mineraJ^ 
which when exhausted can be regenerated once more by brinc^ 

Activated glauconites sold under various trade names are still 
xi&cd for large-scale aoft^iing of water for industrial proccsics, but 
the synthetic materials of the third group are steadily gaining 
grounds Greensand production in New Jersey^ U.S.A., is now 
lizniicd to fiom to 8,000 tons per annum, whereas 15,000 
tons of s>Tithetic * zeolite * are made annually. Glauconite is also 
recovered from the greensands of Gingin, in Western Austmli^ 
of which it forms al^ut 20 per cent of the bulk, by electrostatic 
separation, and while there is still a small demimd for the mineral 
as refilling for existing plants, it is judged to be only a question 
of time before it is ousted completely. The reason for this is 
apparent from the figures which follow. 

Base-exchange materials are assessed by their exchange value, 
that is to say by the weight of the equivdent quantity of calcium 
carbonate, in giainsp removed from a hard water by 1 cubic foot 
of material, when under standard conditions hard water passed 
through it just ceases to be of zero hardness. Greensand has an 
exchange capacity of some 3,000 to 4,000 grains of calcium car¬ 
bonate csquivalcnt per cubic foot, and by aedvatipg the mineml 
thii can be Incfcased to 5,000 or 51500 grains. The correspond- 
ing figures for the carbonaceons matcriali are given as from 0,ooo 
to 10,000 grains; for the synthetic sodium alumino^Uicates as 
about 15,000 grains, and for the synthetic resins as firdm 10,000 
to 25,000 gtaim per cubic foot. 
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Glauconite been found at numetouA localitief in India ^ 
Pakistan and Burma^ in rotk^ ranging from tht Lower Vindhyan 
to the Miocene in age. Of the more important occurrences are 
the greenaands of the Lameta (Cretaceous) Group of the Jabalpur 
district] Madhya Pradesh; the glanconite-b^ringp calcareous 
sandstones of Upper Gretaccous age, described by Wadia from 
the MargaJa slopes which border the northern tnaigin of the 
Potwar, in the Punjab; and the strong bonds of dark green sand¬ 
stone^ again of Cretaceous age* to be seen near Maosmai and 
Laitsoki^, in the Khasi Hilb of Assam. 

Closely lelated to glaucorute in composition b the mineral 
ccladonite] usually found in association with basalt and parti¬ 
cularly in the Deccan Trap. It is the principal constituent of 
the green earth whichj as already mentioned^ sometimes coats 
their zeolites and filb their small cavitica; in addition;, howevcTi 
it c^ccasionaily forms inter-Trappean layers and irregidar seams 
and pockets in the flo^^ themselves. C^e of these vesicular fill* 
itigs from Bhusawal^ in the Bast Khandesh district of Bombayj, 
analysed by Roy^ contained 7^65 per cent of potash, but 

the basc-exchange values of the Indian green earths have still to 
be determined. Otherwise^ the only economic possibilities for 
the mineral are as an adsorbent or fixing base for aniline coloun 
in the paint indmiryi 

GrecnsaxiEb have been utilized as effective potash fertUizerx in 
mmt countries^ in situations close to their sources of supply;, but 
full analyses of the Indian mincrab are needed before any opitiLon 
can given as to their local value in this respect. 

Some dehydrated zeolites, using the word in iti strict mineralog- 
tcal sense, act not ordy as aorbents but abo as molecular sieves, 
ChabazJte* for example, has been used to separate various gaseous 
and liquid hydrocarbon mixtures, and the differentiation of many 
complex organic compounds can be effected by its use. 
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PRECIOUS AND SEMI-PRECIOUS STONES 





CHAPTER XV 


PRECIOUS STONES 

In both ancient and medieval timeap India^ including Ceylon p was 
the woridV chief source of prcdoiw stones* a fact which die Roman 
author Pliny (a-d. 23-79) aware of when he wrote—' of 

kmdj, India produces more gemstones than any other 

In the MahabfmaSa, one of the great Sanskrit epic poems, there 
are many references to gems, and there are also o^cr texts of 
high antiquity such as the Sukraniti and the Susmia In which the 
dlamondp emerald* chrysoberyl and rock crysml are meutloned. 
Scholars are not agreed on th^ exact dates of these ancient writ¬ 
ings and diverse views prevail regardidg thettL The consensus 
of opinion today tend^ towards the asnimption that a major por¬ 
tion of the M^ihabharc^a text was fixed in its present form betw^em the 
tst and 3rd ocntiiries a-d.* but it is known to be the product of 
successive ages and at what period in time its references to pre* 
cious stones were incorporatjra is not knowni. Diamonds, gem* 
stones and the ores of a number of metals are referred to in the 
Arthoiostra of Kauiilya, dated by some authorities between 321 
and 296 B-0** and by others as written sometime before a.Dp 

Apart from such scattered literary allusions* howevcTi in the 
course of tiine a whole coq>U5 of information regarding gemstones 
was brought together for the benefit of those engaged in the g^ 
business, or Interested m the study of the stones themselves. This 
is known as J^inapmiksa. According to the French savant* Lpuis 
Finotp the carli^t reference to it is in the JTamanttrd of Vats^'ayaaa* 
who is dated rou^ly about the 2nd or 3rd century a.d., but the 
most complete accounts are the Rcim^taHtsa of Buddhabhatta* 
about whom nothing is known, and the unfinished (?) Brihaitamhi^^ 
of Varahamihira ^a.d. 505-S7), There is some reason to suppose 
that both these wnters were redacting still earlier tacts» Afier the 
Brihatsamhita the properties of gemstones and the methods of their 
Identification are bnefly described in ihe stud more 

elaborately in the Gmukpurami both these texts were in their 
present form in the 9th or 10th century a.i>., according to Joges- 
chandra Ray, Another important treatise on the same subject 
is the Agastijomaiam (Agast^’a^s Jtainapmksa) which P* SL Gode* 
of the Bhandarkar Oriental Research Institute of Fooim* kindly 
Informs us is earlier than ajs, tOOO* Finally^ the TakUkclpaiatu 

^ Eodi* 
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of Bhojaraja, considered by Jdgcschanclra Ray to have becu^^ 
piletl in the nth century A-d.^ contain a chapter on gems based 
on information dmved firom earlier wirks. 

The ancient works eninnerated include catalogues of both 
gems and scmi'^precious stones, dividing thcni inp special, 
varieties and enumerating such physical properties as density, 
colour and brilliance, as well as Uieir cominon defects,^ The 
regions from which they were derived arc givenp in addirion to 
the distmctioni which specimens from varying locahitcs possessed. 
Notes are added on their imitations and the means of their detec¬ 
tion, together wiA tariffs of their prices and accounts of the 
magical properties, both beneficial and baneful, with which each 
was supposed to be endowed. 

Bnddhabhatta's work enumerates nine predous stones divided 
into two chws—MahsTiJiiusa (lit. "great genu^) including the 
diamond, pearl* ruby^ sapphire and emerald, and Uparatnmi (lit- 
'secondary gems^) with zircon, topaa, cat's eye and red co^. To 
these are added five more—rock ctystalj chrysobe^l, iALn?itt (?), 
garuet and camclian. Varahamihira's List contains twenty-two 
names, of which he only described four atones, the diamond, pearl, 
ruby and emerald. Of the twenty^two enumerated, some arc 
merely varieties of ruby* sapphire and rock crystal (possibly 
amcihyat). To this list may added the turquoise, tapis laxiili 
and heliotrope of the later commentators^ 

In the following account we have adopted a threefold, arbit¬ 
rary division into Precious Stones, Uncommon Gem Stones and 
Semi-Precious and Decorative Stones. 

DIAMOND 

Until the discovery of diamonds in Brazil about 1725, Indb 
alone supplied the world with the gems and had probably done 
so for dm preceding a,300 or 9*400 years. There arc refenencea 
to the Indian juices in the works of both Greek and Roman 
writers* hut, naturally, it is m early Sanskrit literature that ^e 
producing regions are first broadly indicated. It is not surpnsmg 
then that most of the great historical diamonds such as the Koh-^ 
i-Nur* Pitt (or Regent), Orloff, FloreniEnc, Dresden Green and 
many others arc of Indian origin* for at one time the industry 
was of considerable extent and importance though today the 
ptoduqtjon of diamonds is relatively [nslgnificant. 

Though the French jeweller* Jean-Baptiste Tavernier* gave the 
earliest detailed account of the Indian diamond fields, as a result 
of his travels in 1665^, they bad already been alluded to by earlier 
European visitors to India from the thirteenth century onwards. 
They are grouped in three extensive though widely scparaied 
cracta, the most southerly of which, often wongly referred to as 
‘Golconda\ embraces parts of the Anantapur;, Cuddapah, 
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Gimtiir^ Krishna and Kumool district! of Andhra. The second 
tract occupies a region between the Mahanadi and Godavari 
valleys^ and the thind^ comprising the diaToonri fields of 
Vindhya Ptadeshi lies along the nonhem scarps of the Vindhya 
Range in Bimdclkhand^ It is in this tract and mainly aroiu^ 
Fanoa that diamond mining still persists. 

Many accnimis of the diamond mines of southern India have 
been published and long lists of the lof^litio of the mines are 
available* All that can at^mpted here h to indirate broadly 
the more impor^i areas, and tn refer the reader in search of 
further ififonnBtiQii to the eoi^rdienslve iiunmary of the whole 
subject publisbed in 1951 by M* S. Krishnan in bis Afin^af 
lU^nifus of Maykas. 

Commencing with Anantapur in the west, ihe best known 
locality is Wajra KaniTi about 8 miles south of Guntakal junction 
on the Southern Railwayp where good stones arc still found in the 
fields from time to time after rainy weather. A tuff-agglomeTate 
*ncck' with epidotc rock here was at one timE thought to be the 
source of the gems, but various attempts to recover them from it have 
ended in failure. In 1884-5 prospecting on behalf of a Madras 

syndicate did not unearth a single stone^ while more recent ex^ 
ploration by the New Wajra Kamr Diamond Mining Co* Ltd, 
the aftairs of which were wound up in only yielded two 

stonca weighmg t '80 cmati. Some fomtexm separate localitieSp 
lying in a roughly fhomb-shaped tmetf bounded on the west by 
Lattavaram and Guntakal and on the east by CkKity and Dhone 
(induding small parts of the ad|Qmii^ Bclkry and Kumool dis- 
cricts)p possessed diamond virorl^g! in the sbctecndi aod sevens 
teenth centuries* Valuable stones arc still found around one of 
these places, KonganapaUj, in the Gooty talukf particulars of 
which sometimes reach the authorities. One such $ione, picked 
up in a field by a cultivator m June 1939, was sold by him in 
Bombay for Rs 16,000. He preft^nred to abscond rather than pay 
the royalty of Rs 4,086 due to Government* surrendered when his 
lands were brought to sale, and was lodged in Bellary jail in 
Dcccznbcr* i94t» to be released again after promising to pay the 
royalty in axmual instalments over a period of nine years. Tl^e can 
be no doubt about the authtmtieity of this particular diamAnd ftnd« 

According to P. Venkayya, a Gooty prospector quot«l by 
Dr Krishnan* epidotc-bcaring pegmatites intrusive into horn- 
blcndic and epidodc granite-gneisses of the region used to be 
worked for their diamond contentj and at several places withtn 
the area mentioned above there is abundant evidence in the 
pegmatite debris crushed by the old miners around the small 
platforms on which it was w^ed* 

In the Cuddapah district, to the south-east of Anantapur, a 
diamond^bearing gravel bed was «^loited at numoi^us places on 
both banks of the Pentm' rivcTj near Chhinur* a village close to 


570 PREClOUl ITONEJ 

CudcUpah town. A general aceciuit of them w« given hy Gribble 
in the Cuddap^ Manual (i075)j descriptions by' Captam 

Newbold who visited the area while operations were still ip 
progress in 1840* 

In the south Indian mict generally, most of the workings were 
in ailtivial^ gem-bearing gravels of Jub-Reoent age* but in the 
Komool district which lies to the north of Ananlapur the stones 
were won in situ at Eanganapallc and elsewhere. Hereabouts^ 
underlying Qo or 30 feet of quartzite, easily penetrated by shallow 
shafts, are beds of coarse conglomerate and breccia with seams 
of shaiy and clayey stuO^p six to eight inches thick, full of small 
pebbles and fragments of shalcp quartzitCp chert and grains of 
sand. In these seams the diamonds occurredj mainly as smaH, 
peppercom-sized modilicatiorks of the octahedron, pale blue, green 
or yellow tn colour and unworn. This particular conglomerate 
lies at the Istse of the lowest sandstone horizon, the Bangannpalie 
Stage of the Kumool System. It is exposed over a large area 
west of the town of the same name, and extends for some 15 Of 
i€ miles, west by south, to Madavaram and Munimadugu. Ag^p 
east of Basavapuramip there is another spread of about two square 
miles in extent, at the base of the N'allainalaisi which has many 
ancient workings both in the conglomerate itrelf and in the local 
alluvium. Near RamalJakota [Raulconda), t 8 miles south hy 
west of Kumool itselfp there were both rock and sur&ec workings 
ftrnn which small stones of excellent quality are said to have been 
obtained. An account of the diamond mines in this district has 
been given by Gopalakristnamah Chetty in the Kumool Manti^ 
and there are many referenoca to them in Other writmgip paiti- 
eularly those of W. King of the Geological Surt'cy of India. Dur¬ 
ing the yean 1910 to 1912, ^ Ghose prospected a bed of diamond* 
bc^Ing conglomerate at VirapaUcp m the Dhone taluk; varying 
between g inebes and 2 feet in thickness, it yielded from | i 
carat from each toad of 16 cubic feet, most of the stones being 
perfect crystals of &ne ouaUty and free £^m fiaws. 

As the more detailed geological survey of the country pro* 
^resseSp the list of Icx^alides where diamond mLning was practiced 
m olden times grows longer^ Thus Coulson found previously 
unrecorded workings in 1932, near the villages of Balapuram and 
Repalle, in the Dhone taluk, while m&rt: ancient workings were 
discovered in f by Venkatcah in the Guddapab basin at Kalava, 
Ghantukur, Puduru and h^farugutti. Coubon suggested that the 
diamonds in the Banganapalli Beds have been derived by weather¬ 
ing from certain trap «ills, intrusive into the Fapaghni and Cheyair 
Series of the Cuddapah System, atlln which are thought to be of 
^e same age as the decomposed tulf-agglomemtc at Wajra KanUp 
in Anantapur. 

To the north-cast of Kumool lie the districts of Guntur and 
Krishna, both of which contain many old workings. Xollur, the 
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rqiuted homt of the famoiia Great Mog^xl diamond (787! carat*)^ 
presenced to Shah Jehan by Nik Jamla in 1656^ Lid on the right 
bank of the Krishna in the Gimtur district. According to 
Tavcmicri the workings were entirely of an alluvial characteTi 
seldom more than 14 feet deep^ and not extendb^ below the level 
of the ground-water were more or I™ exhausled by 1677. There 
aie other old workings at Madagula, MaUavaram and 
Sarangapalli. 

In the Krishna district, all the old mines are located on the 
left bank of the river and one unportant group was centred around 
filial , some 17 miles as the crow files north-wen of Vijayawada 
(Bcm^ada). Another group lie* about UstapaUi and Kodava* 
takalLu, lurther upstream and beyond thejunedem of the Mimyair 
and the Krishna, In all these case* the bearing horizon ii a 
detrital^ siib-Rccent bed resting on metamorphic rock$. The 
Hyderab^ (Deccan) Company opened up the old workings al 
^rtial and extracted 3t444 stones of a total weight of 2^085 carats, 
but most were of poor quality and the enterprise was abandoned 
in 1894. In another part of the san^ district there are old 
workings on latcritic sandstonea, overlying the sandstones of the 
GotapiUy area, tome ^4 miles nortli--^3t of Vijayawadau. 

The Krishna river forms the boundary betwcf 3 i the Guntur 
district and HyderaW, and in the south of that Stale it cuti 
through the Amrabad plateau ccaaposed of tocki of the Cuddapah 
System, in a great gorge about one hundred miles long. Inter- 
bedded m these rocks are several basic silb with ancient diamond 
workings in the river gravds just bdow thek outcrops* The 
old workings of KoUur and Partial are all situated downstream 
bdow the month of the gorge, and a suggestion by Df A. M* Heron 
that the sills are the original home of the gems is much the taxne 
as that advanced by Dr Goulsom Diamonds are abo reported 
to have been found occasionally in the bed of the Godavari river* 
near Bhadrachaiam in the East Godavari district 

Although there were many active workup during the earlier 
pan of the nineteenth centuiy, diamond nitning gradually 
to an end in southern India, the last recorded returni of a trivial 
quantity being in 1913* Whatever causes may have been respon^ 
Mbit for this, exhaustion of the deposits as a whole was not one 
of them, for, as V. Ball pointed out* the diamond-bearing strata 
have a wider eatensioa thsaji the earlier miners realized* Careful 
prospecting of some of the untouched arc^, using proper equip* 
ment under expert geological dircctiout k essend^ before any 
plans for mining development can be coutidcred- Previous 
attempts have been on wioxig lo^^itions or on too petty a scale 
to offer any trastwwthy guMant^ to the fiimre. As regards 
alluvial rnkuiig of the diamond-bcarkig gravels, the experiment 
of the Hyderabad (Deccan) Company, the most ambitious octe^ of 
id kind, uxik place on an ill-chcisen, worked-over area at FartiaL 
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Captain L. M unn , Mixun^ Engiiueer to the Government of Hyder« 
regarded It as a inistakc which merely proved the futility of 
cleaning up old workings^ Yet there stil! remain targe erpaiwa 
where inch graveb lie untoudied, protected by the water under 
which the ancient nunerf were unable to penetrate far. Munn 
advocated auction dredging to work over scicctcd portiema of the 
30 square milea or so of Kridma gmvds arpnpd Partialj parti^ 
cularly of the deeper %vatcrlo^^ Laycri^ concluding that * with a 
modem dredging plants this area preicnti a very promising 
speculation \ 

In the second tract diamondj have been foimd in the h&hanadi 
alluvium in the Samhalpur dUtrict of Oris®, in iateritic grits at 
Wairagarh, Chanda dUtrict» Madhya Ptadesh, and in the sands 
of the Kod rivcTj a U^Jbutary of the Son, In the PaJamau district 
of Bihar.. The best known locality l$ the Hirakundj a small islandp^ 
about three miles long and half a mile wide, between two 
channels of the Mahanadi^ some 5 miles north-west of Sambalpur 
town^ The earliest account of the workings bar was given by 
Motte, who had the misfortune to be deputed there by Lord 
Clive in 1766, V. Ball visited the area in 1877 and published an 
account of the methods adopted in aearching for the genis^ No 
stones have come from this tract for very many years and the 
source of the diamonds that w^eie obtained in it is unknowni 
Ball believed that they were derived from extensions of the 
Knmool or the Lower Vmdhyan rocks into the regioB. On the 
other hand T. Walker, who found minute diamonds m sands 
from streams near Bondesor, in Kalahandi, states that they m^t 
have been derived from Khondalitea^ The streams in question 
are tributaries of the Tel, itself an affluent of the Mahanwi. 

In the third tract, the diamond fields of Vindhya Pradesh 
are scattered over an area some 60 mills long by 10 miles widc^ 
acmss a number of the foimaer smal] States of the Bunddkhand 
Agency, the most extensive workings being in Parma, where dla* 
tnond minii^ on a small scale still persists and where large-scale 
exploration is now in progress. The primitive methods employed 
in the search for the gems have been described by many writers 
from the time of Buchanan-Haniilton, in 18191 onwards^ but the 
fi d les t account is that of E. Vredenburg of the Geologic^ Survey 
of India (1906). 

Vn^enburg proved that the principal diamond-beairing layer 
is a thin band of mduraled, sandy congLomemtCk locally known as 
mudd^y lying at the base of the Jhiri Shales^ themselves the highest 
stage of the Lower Rewah Series in the Uppra" Vindhyansp and 
directly upon the Kaimur Sandstones^ From thint conglomerate 
the pebbla sometinies extend upwards^ to discontinuous 

bands with a shaly imtrix which also contain diamonds are 
known to the mincn as kskra^. The TnTiin conglomerate itself is 
not always coiuinuDus and seldoni thicker than two feet* The 
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pt^bbla assocmicd with the diamoeds arc dudSy^ win quartz from 
the BundeLkhwd granite* jasper firom the Bijawar Scries and 
green quartzite (imnjwj from the Lower Vmdhyans. In some 
parts of the region it is suspected that there b a second diamondL* 
ferous conglomerate, lying at the top of the Upper Rewah sand¬ 
stones* which themsclvca come above the Jhiri Shales^ 

At the time of Vrcdctibuii^s snrv^ there were thuty-sm 
* principal localities that have yielded diamonds % in six separate 
States of Bundclkhand, distributed as follows; Pinimp 24; Char- 
karij 4; Chobpnf^ 3; Patarkcehar, 2 ; Kothi^ 2 ; and Bijawar, i. Of 
the total 36, were connected with die older and & with the 
newer coaglomcrate. As regards methods cinplo)red* 4 were 
places where the conglameratc was extracted m situ; 16 were 
shallow surface workii^; 15 were allitviaJ workings and at the 
remaining one shallow mining and alluvial operatiDiu vere com¬ 
bined. Wide sh^ti wtTc stink, somedmea to a depth of 50 feet, 
down to the conglomerate which was then heated by fires to cause 
cracking and ease the work of extractiom The shallow workings 
were located on erpostires of the conglomia^tc Laid bare by 
weathering agencies, and on the detrit^ spreads derived from 
their denudation; the alluvial workings were in streams draining 
the outcrops* and the gcm-bcarin^p water-sorted gravels were 
often buried nnd^ considerable thicknesses of soil, so that pits* 
often up to 30 feet deep, were necessary to reach the^ After 
extraction, the conglomerate was broken up* pounded in shallow 
pits* washed and finally spread out on a cleared space before being 
repeatedly hand-picked and 5<^rchcd. These methods* identical 
wUh those described by Franklin in 1829 and by Jacquemont in 
1630* are pnaumably the same as those followed for centuries 
earlier: considering their haphazard character, the limitation of 
operations to a short period in the dry season, the labour expended 
in sinking new pits every year, the want of care in disposal of 
waste* resulting m the frequent rehandling of accumulated debris* 
and, in general, the lack of any systematic planning* the wonder 
is not ttmt the industry is so small but that it has survived at all. 

Pinna diamonds Mong exclusively to a few modifications of 
the beatakisoclahcdron, the most complex form of the cubic OTtem* 
bounded by 48 similar faces, and so c^Ied from iia resemblance 
to an octahedron having a low, sbe^ided pyraxmd raised upon 
each fece. The average weight of 240 stona examliwd by 
Vredenburg was 0*63 ratfi, or 0^59 caratp the Panua raffi weighing 
0-9418 carat. Fifry-nme of these stones weighed one rote' and 
over; i8i weighed less than a '^e majority wm remark¬ 

ably p^ect crystals, cither brilliant white or blue^white m colour, 
of bcautifril water and tustrr and very icldoni ebuded or Bawed; 
their commonest defect being * spots —black, op^ue inclusions 
of jagged outline. The outer surface of crystds with a coIoutIm 
mterior is sometimes of a very pale stfaw-ycUow, but being only 
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a thin film, it disappcan on cutting. The same is t™c cf die very 
beautiful, pale sca-greeti stonra of esequiaitft delicacy in thm 
na^twal statCi which afc known ai (bamboo JcavTaJi but 

greenish crystals of a lar less pleasant hue ait fairly numcrotu and 
arc of inferior s-^ue as the colour spreads throughout the stone. 
Some 17 per cent of the stones examined were of various shadw 
of brtnvn, sometimes a very deep brmvn, thou^ opaque black 
diamonds arc said to have never been found. The brown stones 
art known as matle and are of little value. The stono wens sold 
by auction at Panna, at the beginning of each month. In the 
case of stones tinder 6 raids in weight, the owner obtained three- 
quarters of the selling price and the State one quarter. AAer 
me highest bid, the ongmal owner had the option of buying back 
the stone at that ffgure. Stones of 6 raUis or over beoune the 
property of the State, the finder in that case receiving one quarter 
of its v^ue. 
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Conipanng ibe conditions in Bundclkb^nd with those of 
southern India, it is morn than a comcidencc that in both Itgions 
the diamonds axe found in conglomerates of Vindhyan age, close 
to a crystalline granitic or gnetssk area traversed by innumerable 
basic dykes of Bija^iar age. For reasons too lengthy to be detailed 
here, Vredenburg mgg^ted that the diamonds are not older than 
ihe Bijawars, a supposition which^ he added^ * points to the basic 
dykes ofBiJawar age as their possible nldu^ \ In 1930, however, 
twenty-four years Vredcnbingb pronouncement, K. Fv SLnor 
publiahcd a description of a volcanic neck or pipe filled in with a 
diamond-bearing agglomerate-tuff at Majhgawan, la miles south¬ 
west of ^xma town. In 1949 fuller details of the occurrence were 
given by V. S. Duhey and Sukumar Merh, and a^iln by Mcrh 
alone in 1951, In the meantime T, C* Bagchi had described the 
diamond!ferous rock as a yellowish or yellowish gpmi, volcanic 
a^lomcratc with, psetidotnorphs of serpentine after olxviiKi pebbles 
of red jasper and xenoUths of black shale. The latest account by 
S. M* Mathnr of the Geological Survey of India appeared m 1953.- 
He gives the fotaJ sur&ce area of the neck as approximately 112,500 
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square yafds^ accepts its age ai post-Kainiiir, though the p^ibility 
oF further volcanic acllvity of the same type during and justaft< 3 - 
Rewa tunes cannot be excluded^ and adds the sug^don^ already 
advnncdi by Mchr^ that other pipes of similar character may lie 
hidden under younger rocks cr sdluviim^^ 

The principal prcdiiccrs of diamonds in the tract at the present 
time arc the Panna Diamond Mining Syndicate, the Mahalaran 
Diamond Mining Worb and the Charkh^i Mining Worb, which 
operates a large open-cast near Ramkheria^ from which diamonds 
10 the value of Rs lakhs approximately were won in 1952, The 
Panna Diamond Mining Syndicate commenced operations in 
1936, but owing to the war and other causes little beypnd prospect¬ 
ing was po^iblc before 1949- A mcchanicaj washing plant has 
now been installed at Majhj^wanj to treat material mmed from 
the agglomerate already mentioned. It cemsists of two 0-foot 
washing pAt« of the South African type* from which the conccDr 
trate goes to vibrating screens for classification bcTorc being passed 
o%Tr standard grease-tables. The Syndicate has also leaswJ areas 
around Shahidan and along the course of the Baghen riverp the 
gravels of which it b pmpos«l to work on a huge si^e by mechanical 
gMcava to rSi At Shanidan a mam shafr, 6a feet in depth, has been 
sunk and the diamond-bearing conglomerate found in various 
cross cuts and drives, its yield being very variable but averaging, 
it is said, about 0-^5 carat per tom Certain shallow and uneven 
depwLts in river banb and streambeds have been sublosed to 
local xmnen. Between 1936 md 1950, the Syndicate has recovered 
331653 stones of a total weight of 17*?®® raiifr, or 16^159 caratSi 
the Panna foiii as the cqiiiv^ent of ten-elevenths of one 
carat. These stonca were sold for Rs 92135*115. The largest 
gem found in recent years weighs 30 r^ttis. UiJcas large-scale 
s>3tcmatic operations of the kind desmbed continue, the diam ond 
fields of Vindhya Pradesh cannot be expected to do more than 
provide a part-time occupation for some of the local inhabitaats, 
m much the same way as they have done m the past. Three 
Russian technicians arrived in New Delhi in September 19^ as 
the advance party of a construcuoa team wmeh is to instal 
machinery for the Panna Mining SyndieatCp 

Leaving out of consideration suriace and aUuvial working and 
confining attention to fiiturc rack mining possibilities only, if the 
occurrence at hlajhgawan proves to be a true pipe of a kimberlite 
character it b likely to descend to great depths^ Various estimates 
of its diamond yield have been givrt), testa by Waters and Royden 

^ In J[^ A StcAcick itated that the MsjhgswiJi pipe it intr^iK Lata the 
rxki cnauiniag the dJanwnd-lMgiBg capgkimaaic. If so, the pipe b of post- 
Rewi age waA be the or%LajiJ lource of the gems. AcwtUng SeracEck 

6 a per con i^ the diuuandi fnn the pipe vc of quility WhBe Sa per 

CTTit Imii the c«igtotaerp4n rant ^n,vcl areig the grades, Sm. Mam 

Miwr. Tradi 3fi (s),, 1963-} 
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Harrison in f“r e»mplc, resulted in the tecovery of nine 
fiia tnond^ weighing 3-32 carats, from 305 cubic feet of the 
affidomeratC’tuff. but the diamond content OiTiuch pipes may change 
greatly from place to place, so that even iarge bulk samples from 
OM or two points may not be rdiahle to the content of the 

pipe as a whole. This, however, should be decided by ibe large- 
scale exploratory operatioiis aow in progress. 

The main diamond-bearing congloinerate, by reason of its 
eonstancy and the regularity of its disposition, should present no 
unusual problems to the mining engineer. The earlier min f^ are 
situated at short distances apart all along its outcrop, and they were 
continued into the bearing-horizon until water or other material 
trouble prevented any further advance. The locations of new 
shafts should be left entirely to gsologists well versed in the local 
stratigraphy, for as Vredenburg showed, a shaft at the foot of the 
Rewa scarp will have to be about 350 feet deep to reach the 
diamond-bearing rock. On the Upper Rewa dip slope it would 
have to traverse the whole thickness of the Rewa Sandstone, which 
would add cnonnous ly to its cost. But at any point about half-way 
between the Up» Rewa scarp and the nortbem boundary of the 
Tjiwct Rewa shales (or limestones) the conglomeiatc may be 
eipected at about too feet from the sur&ce. The shaft would t lw" 
constitute the deepest portion of the mine, and work would proceed 
^ galleria ^ven up the dip slope, the drainage being pumped 
from the shaft. Vredenburg, after a detailed stndy of the problem, 
whic^a* altered iittle since bis time, concluded as foUowj; 

. . area that can be profitably worked is practically coincident 

with the outmp of the Rewa Shala. The conglomerate is known 
to occur as far as Bambia on the eastern side and Kisbengarh on 
the It IS co^xdi howtvierp th^t it is dmnnoci'dlfcmiis lor 

the whote cf that cstmt But it may be fairly awimed that it is so 
u^out th-e area mcluded between the ^^tenunost and weticm* 
diatnond mlnes^ that is^ Majgama in Patarkod^ 

temtory, of^e of the Bagain, up to another locality also 
aUca Majgama m Kinna temtory^ la miles south-west of Panoa, 
Betwera t hes e limits the area under which the dtataondlfcrous layer 
cewd be rcMhcd by shafts of Ze$s than 550 feet is over icxi square 
mdcs, and tim estimate must-be nearly doubled if the layer nmm- 
a sufficient portion of gems up to Kishengarh and Bamhia, 
matter ii jo clear that there seems no r^son why the wort 
^mild not be imdmaicn by the State* Further prapectiiig cannot 
di^O» uything new* TTie only prclimmary work to be under- 
taJttn u that of making a few excavationa. If these yield satu&ctury 
tSj a mod^ate capital should suffice to start syitematie work-* 

It u not generally appreciated that about So per cent of the 
vmld 1 outjmt of diamonds is used for industrial purpoies* or that 
^ uaequaUed hardnos and raistance 

D ranks high m the lilt of minoalg of strategic impoctancc. 
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In the ptc-wat^ yeax^ average annual world production 

ii believed to have bem about &,D55pOOO cmatdp valued at 
jf6j35t4*OOOj for the five yean ending S95t* die annual average 
waa about i3,i86p0oo cant#: moreover^ tlwughout these five yean 
there has bw a marked rbe annually^ from xOpO47pO0O carats in 
1948, to the highest production ever recorded of 16.760,000 caratj 
in 1951^ The sales of diamonds in IQ51 brought a total of 
jf65.058,000 and in 195a of £69^66®jOOOj &vided m to jC45,770jCxm 
for gems and ^^23,89^1^000 for industrial atones. 

Industrial stones, in the words of Dr R. S. Young. Director of 
the Diamond Research Laboratory at jDhannesburgp South Afiricap 
are diamonds which * on account of imperrcctions such as ixiclu- 
ilons. spots, cracks, coatings, infcriar crystal form, or dark colour, 
cannot be economicallv cut and utilized ss gem stones \ Many 
industrial diamonds belong to the class known as ^ bort \ described 
as a gi^ and greyish black to black variety: others, termed 
* carbonado are greyish black to black, cryptocrystalliiie, com^* 
pact kinds which are said to he particularly suitable for such 
ptirpoics as diamond drilling owing to their lack of pronounced 
deavage diroctioni. Carbonado ii in such demand that its price 
approaches that of the gem st<m^. Neither of these varieties mve 
bem reported from India, and. in any case, if found by the earlier 
miners were probably thrown away« 

For all jjurposcs where a material of lupslative hardness is 
needed, the mdustrial diamond has no e<|iial, whether it be set in 
a preemon tool in a lathe, in the matrix of a grieving wheel, or In 
the periphery of a metal disc for sawing th^gh rock, metal or 
ceramic material. The superime finish obtainm by the use of 
diamond lathe-tools is said to be unsurpassed, and they are em* 
ployed in the turning of aircfaft engine parts, bearings for electrical 
mettms and other scientific insmimctits^ dinixig devices, micro-gears, 
typewriicr platfms, watches and so forth. 

The dlinond drill of the mining engineer consists of hollow 
Steel rods supporting a coring crown-—a metallic ring set with 
diamonds around its foce. On rotadon of the rods the diamond- 
armoured bit can cut throng the hardest rocks, leav^ a core of 
the material penetrated in the hollow stem, fiom which it can be 
removed as requiied for exammanon and assay. Such drills were 
employed In tlu developmental stages of the Indian copper mines. 
Non-coringp or blast-bole drills, set with diamonds over the whole 
iurface of the metal bit, arc also employed; not for exploratory, 
prospecting work but in later minmg operadons^ Small diamond 
drills also have many uses both in engineering and in a nmnber of 
tnanufacturing processes as well as in dental surgery- 

In the preparadoii of diamond dies for fine wire-drawing, a 
hole is drillrf through the stone tapering towards the centre. Ita 
icaistance to abrasioa enables large quanddci of wire, of copper, 
brass, tungsten ae other metals, to be produced with accurate. 
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prrdctcrmiiied diameters, without appreciable wear of the stone 
Itself. Abrasive wheeLa roadc of carborunduin or artificial conin- 
duTU are smoothed and rTsurfaced by meaiu of dionioiid dressing 
tools and truing wheeU- The glaaier^A diamond, used for cutting 
gbujj is a familiar object^ and m the cngniviiig or huertbing of 
glass, porcelain and metals^ diamond-pointed instruments are 
employed. Diamond points are also used for cutting the grooves 
in gramophone records^ in didatmg machines, and as gramophone 
oc^ea. Diamond powder is employed in the sawing and polish¬ 
ing of both gem and mdustrlal diamonds. 

Some 97 or q 8 per cent of the world's diamonds come firom 
Africa j thiuin 1951, the Belgian Clongo produced about iD,565pOOO 
carats, mainly of industrial grade; the Union of South Africa, 
3*556,000 carats i the Gold Coast, 1,600,000 carats; Angela, 751^500 
carats; South-West Africa* 47^000 carats; Sierra Leone* 476,000 
carats, while smaller quantiti^ came from French Equatorial 
Africa, French West Afiica and Tanganyika. In South Amtricat 
thc^ same year* Brazil had an estimated output of acxi^ooa carats^ 
while Venezuela and British Guiana also contributed to the total. 

The world*3 commercial supplies of diamonds of ail kinds come 
exclusively, therefore^ from countries which geologists Incltidc in 
Gondwanalandp the great southern continent wUch embrace 
parts of South America, Africa, the peninsula of India and Australia, 
between Upper Carboniferous and Jurassic tlmcs^ It is remark¬ 
able and regrettable that India* which gave Its name to Gond* 
wanaland and which supplied all the world's gem diamonds for 
so many cenhincs, should now occupy so lowly a poaitton as a 
producer. It is certain, however, that unless new ground Ls 
broken and age-long* casual, small-scale pracijoes displaced 
inch modem methods as axe now in pJt>ccss of introduction in 
Vindhya Pradesh, India can neither satisfy her own demands for 
gems and industrial diamonds, nor enter the markets of the world* 

Accordmg to the 37th Annual Survey of the Diamond Industry, 
by W* F, Foshag and G. Switzer,^ of whidi a Hummary appeared 
in Thg Gmm^bgisi^ VoL XXI, No* 256 (1953), there arc from 300 
to 500 workers engaged in the diamond-cutti ng industry in India, 
mosdy in Bombay, though both cutting and polishing are also 
c^ied out in Surat* Navsari* Panna, Jaipurj Tiruchirapaili 
(Trit^nopoly) and hydras. As the importation of diamond is 
prohibited at present, the industry depends on Indian-miaed 
stones and the recutting of old ones. Most of the diamond 
workshops are manned by family groups* but a few of them 
have been partly modernized. 

•A 

RUBY 

It 11 the rubles of the Burmese Empire which arc its grcati^ 
boast, as both In Iniliiahce and cleamcsA they are the best in the 
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world/ wrote Father Sangermanoj who lived in Ava between 1783 
and !8o6. The earlkat reference to the mines is in a royal edict 
of 1597, but at that time mby mining was an old established 
industry'. They are alluded to in die writings of various early 
European adventurers in the East^ including Slefono (fifteenth 
centuryh di Varthema (1496), Barbosa (1501-16), Fredcrfc 
(1560) and Fitch (1586). The earliest record of a visit to the 
minB was not given until 1B33, by Fire Guiseppe d’Amato, though 
they have und^utedly yielded the greater of the rubies used 
in the world’s jcwclleryj, including the finest specimens known. 
Rubies do come on the market from other countrtcSj notably ftoin 
Siam and Ceylon, bm the clear, limpid, deep crimson-red of a 
fine Mogok ruby is incomparable. Thi: shade wluch is most pri^ 
b a transparent carmine-red with a faint sugge^oo of a bluim tint 
which yields the famous ' pigetm’s blood ’ stone, the term being 
dcaived fi^om the Hindustani, as Indian lapidari^ compare the 
colour of a faultless ruby with the blood-red colour of a living 
piBOon’s eye. Compared with the Burmtse stones, Siamese rubies 
are generally darker in colour, indining to a claret-red. Of with 
a purplish-brown tinge, while Ceylon mbits are, m a mk, much 
paler in colour with an uneven distribution of tint which may 
appear as ^otx and streaks of blue in the stone itsejf. bfany 
Ceylon specimens are better termed pink sapphires than ruby-red 
gems. A delicate, whitish sheen on the surface of a cut stone is 
a characteristic of vm** Burmese rubies. It b caused by the 
feSection of light &om the ends of the extremely fee and nunterous 
systems of microscopic canals, arranged in ^e Internal structure 
of the gem in planes parallel to the prbmatic faces. ^ Sii rh stones 
when cut tn tobackonj parallel to their basal plane, exhibit a sSa-rayed 
star, provided that all throe sets of canals are originally present. 

The Mogok Stone Tract is an area of over 600 square miles in 
the Katha dbtrict of Upper Burms^ and the productive region 
lies towards its eastierti tiinits. It is made up of^ gneisses and 
associated rocks of Archaic age with many intrusivra of varied 
types. Important associates of the gneisses are the crystalhne 
timeatones from which the rubies and spinels have been shed mto 
the detrital and alluvial deposits and &om which they huc won. 
The Burmoe inlncri sought for the stones by tumelling alo^ the 
lines of fissures in the hmestones, by opening atevations in the 
hillside deposits, and by sinking narrow shifts into the aUuvial 
floon of the valleys to reach the gem-bearing gravel below. In 
(8S9, a tease of the Stone Tract was granted to the Burma Ruby 
Mines Ltd, and this concern carried on systematic operations with 
varying fortunes in the alluvia! deposits, mainly in the Mogok 
valley itself, but also at Kathe and Kyatpytn, until June 1931. 
The gravel was dug or washed out of large open-casta, classified 
into different sizes and treated by pulsators and tables to produce 
a dean conocatrate from which the gems were picked by hand. 


S88 PREciava »tohbs 

During its activ« career the Cknnpuy id believed to have recovered 
genu to the total value of approximately ^3^ miltiom, and ttin ge 
in the best posiddu to form a JudgEa&cnt think that the Burmese 
miners probably found stones of a mote or less equal value. No 
trustworthy statistics are available of the production, of the iqdi- 
genoud miners, 33 the Govcmment was only coRcemed with the 
collection of the fees levied for the grant of mining licenses, and 
them was no obligation on the minen to report the quantity or 
value of their finds. Such a statutory contract would in any n we 
have proved unenforceable under prevailiDg local conditioos. 

It has been authoritatively stated that about 85 per cent by 
weight of the total sion^ recovered by the Company were rubies 
of various grades and that nine*ientha of these were of poor quality, 
too dark or too light, too Hawed or too silky or othenvise defective 
to be regarded as really good stones. At the same time there was 
an outlet for most of them at cheap rates, the princip^ market 
being in India and mainly in the South, The ranaming 15 per 
cent of the to^ output ccwUted of blue or star sapphires and a 
smaller quantity of fine spinels excluding poor spinels, fancy sap* 
phires and other gem stones. The local classificadon of the rubies 
a too elaborate to be described here but an account of it is avail¬ 
able in an article by Halfard Watkins, for many years Deputy 
Agent of the Company, in Tlu Gimmdo^t, VoL I, No. Ist, 
where the names and qualities of upwards of 30 separate varieties 
M given. The greater proportion of the rubies are small, but 
fifom time to time exceptionally large atones have been found. 

It is a oommonpiace remark that the ruby is a more valuable 
^ne dian the diamond, but this only applies to perlect nibla of 
law size. A fine ruby begins to rival a diamond of the same class 
wlM it is aWi 9 cmis in weight, but bejond that the ruby 
exceed the diamond in value. Diamonds of targe sizes are 00m- 
par^vcly common, and 10-carat stones can be had in abundant 
^ those prepared to pay for them, but a perfect ruby of 10 
IS a most exertional rarity. X,a^e rubies of superb quality are 
perhaps the meat valuable minerals known to mankind. Two 
rtones, brought to Europe from Burma in 1875, weighed 37 and 
47 i^ts; when reem they weighed 32*3 and 38*6 carats, nspee- 
n^iy; it is recorded that the smaller stone brought 10,000 and 
the laipr one £90,000. A stone wei^iing 77 carats in the rou^, 
toi^ by the Company in 1889, was valued at Rs 4 lakhs; another 
9 carets was sold for Rs 17,000, and cut to 6 carats, 
»to tor £2,000; yet another of 21 carats, cut to 13 carats, brought 
aTiS™*- a ruby from the Burmese royal collection, weighing 
tf ^ Mindon Min for £30.000. Th^gr^ 

weivlud stone of magoificent colour, 

cacept for a firacture estimated to necessitate 
it abimt 8 cai^, was in every way perfe c t; 

e rough, on the spot, in Mogok, to an Indian dealer 
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ibr R13 lakhs. In October a stone vi^Eghitig about 

30 cajaJEs and valued at jfj^ooo was found in a Burmese working 
at Mogokf and m February 1933 a 30 *caraC stone, neceiiUy obtained 
&t)m Burma, was cut in Hatton Gardens to a weight of 7^ (laxats 
and was valued at nearly £10^000. The market for nsbiw if a 
world*wide onTi but Lc is extremely leusitivc to general economic 
conditionsj enjoy mg prosperity in times of plenty and mdustriaJ 
activity, and slumping when the purchasing povra* of the radons 
decreases^ The mde has ruScred too from the comp^tion of 
synthetic and reconstructed ston^i but these arc distinguished 
easily enough by the hutiated and the discrimiiiLatliig buyi^ always 
prefen the natural gem- Geological invesUgadon proved that 
the resources of the Stone Tract arc by no means exhausted and the 
production of stones by the old, ancestral methods can continue 
indefrnitely as long as any demand exists. 

Rubies were obtained at one time from clay-filled hollows and 
fissures in the crystaHinc limestones of the Sag^'in HiUs which rise 
abruptly from the alluvial plain on the left bant of the Irrawaddy, 
some 16 miles north of Nlandalay, Another mby-bearing tract 
exists near Naniaiwik, io the Myitkyina district, where the stones 
were obtained from the detritus of crysmlline Limestonp which arc 
surrounded by intrusive masses of granite, but no mining has been 
done at cither of these localiti^5 for many yearsp 

SAPPHIRE 

The sapphires of Kashmir, like the rubies of Burma^ form an 
exclusive cla ss of their own* The appebitlon * Kashmir *, often 
attached to any fine sapphire tn the jevml trade, reg^dless ontt 
geographical origin, is some indication of their outstanding qualities. 
The amongst them arc an intense comfiower blue, with a rich 
velvety lustre and a tenuous milkincss spreading over the ^lI^fa4^e 
and adding greatly to the chans of the stone* Halford Watkins, a 
specialist of unrivaled experience, stated that dus is as appearance 
entirely characteristic of sapphires of Kashmir origici, not to be 
met with in any others, adding that they are perfect night stones and 
that ■ a fine Kashmir star sapphire is a thing of the most exquisite 
beauty but unfortunately very rare indeed 

The mines are miles west-north-west of Sumjam, in the 
Padar area of Zangskar, at a height approaching i5]000 feet, on the 
southern slopes of the Zangskar R^ge, below fie Umlasi Pass, 
and the whole area is under snow for the greater part of the year, 
Kaolinized pegmatites, intrusive Into gametiferous biotite and 
hornblende gneisses with some crystalline limestones and amphi^ 
bolites, bear conmdum-sapphiie, black, red, green and brown 
tourmaline, green euclase and garnet as accessories. The oorun* 
dum contains patches of sapphw varying from pale blue to azure 
In colour^ and it is found not only tn lendcics of decomposed 
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ftldspar t« situ, but abo in the detritus of the vems shed on to the 
Lower ground of the surroundings, 

Disco\'crcd by accident about the gims first came on to 

the Indian market about i 00 a* in which year MaJLet examined 
many of them: * ^e nuncral \ he stated, ^ is paatly bfutsh-whtte and 
transluccut^ partly tramparent and of a rich blue coIouT], the two 
varieties being irregularly intcrTnined. It is the Latter, of course, 
which constitutes the sapphire, the bluish-white part being rather 
corundum. A large proportion of crystals are milky, with 
wariousLy-siaed portions of sapphire irregularly scattered ihrougfi 
them. Others, agairip arc mainly sapphire, and arc only milky 
here and there* More rarely the colour shades into yellow, brown 
or red/ La Touche visited the workings in 1888, and for some 
years ^tcr this the Kashmir Durbar deri^^ a comidefabk revenue 
from them before they were abandoned under the erroneous Imprcs* 
tion that they were worked out* In tgofi, howev^, work was 
restarted by the Kashmir Mineral Ck^mpany, and at first several 
valuable stones were obtained, cme of them being sold for ^a.ooo, 
but by 1908 the inajCCe^lbilLty of the location and its rigorous 
climate proved too much and operations ceased once more. In 
1937 the area was again worked with good Teaults, ii ewt- of 
* corundum * being obtained, and about 1930 it was still being 
policed on an elaborate scale to prevent theft by ^ adventurous gangs 
of handy smugglers who have recently sprung up and come to 
regard dicse i^on$ as their own particular hunting-grounds* 
(Middlemiss). Systematic work commenced again in 1933 and 
from that time until the end of 1938 the average anrnial pr^uction 
1/^ 64[,656 carats of sapphires, accortiing to the oSBeial returns* 
The fmest stones ¥«rc always stored in the State Treasury at 
Jammu: La Touche records how he saw crystals there 5 inched in 
length by 3 inches in breadth, and thou^ none of these were 
uniformly coloured, but shaded off into wUte at either end^ stiff, 
$ome very fine gem could be cut &om them* The few specialists 
who were privileged to see this oollecUon at later dates have all 
declared that it was large in quantity, both of rough and cut 
stones, while the choicest spccinums were probably unequaUed for 
itze and for purity and beauty of oolour. 

Sapphires accompany rubies in the gem gravdi of the Mogok 
valley m Burma, but the best stones have been obtained about 
Kathe and Gwebin, places about 8 and 16 miles west of Mogok 
itsdr, and in a tract of country stretching noarth-east fi^m Gwebia 
towards BemanlmyD. Surface workings at Oiaunggyt, 4 miles 
north of have also yielded some go^ stones* The matriK 

of the ruby is the local crystalline limestone. The sapphire, some* 
times found intergropwn with feldspar, may come from the peg* 
matiies and nepheltuocorundujii syenites. The rubies when they 
exhibit their crystaUbie form are practically always combiuationi 
of hexagotial prisms and basal planes, sometimes with subsidiary 
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Thombohnir^ faces and generally of a tabular habit. Sapphire 
cryjtalsj cm the other handi always ihow steep pyramidal facef^^ 
whereas rubies ethibith^ them are exceedingly rare* 

The blue shade of the Bunnese sapphire varies greatly from the 
lustrous, strong royal blue and the deep cornflower colour of 
superfine stones (though none of them pc^sess the delicate mistlaess 
of their Kashmir rivais)p through varying nuances of gem quality 
to the paler blues of the cheaper stones. Among the fancy ti^edes 
are indigo, purplej grectiim-bltie, yellow and cdIdutIcss stones 
(the so-called *' white sapphires *), It has beeo stated that Burmese 
sapphires as a whole are usually too dark for general approval, but 
this is quite incorrect; next to the Kaahimr sapphires they arc 
unsurpassed. Speaking generally, G^lon sapphires arc too light 
and Siamese sapphires too dark, and it ij more than probable that 
many of the best * Ceylon * stones first saw the light of day from the 
mountainsides of the Mogok Stone Tract* Mogok also supplies 
many excellent star sapphires, the ftcUatc opalescence being much 
commoner in the blue varieties of corundum than it is in the red 
oura, so that star sapphires are much more frequently seen than 
star rubies. Though the rubies occur in much greater numbers 
fba^ die sapphires in the Stone Tmet, the latter arc oficii of consid~ 
crably larger sizes- For examplci stones of 630 and ag^ carats 
WOT found at Kathe, in 1530; another weighing 514 carats was 
discoxwed m a Burmese working at Mogok, in Decwidier 193a; 
but probably the record Bione was scratched from grass roots near 
Gwebio, on 12 August 19^9 by a group of labourers* It was a 
water-wom, doubly truncated bipyramid of superb colour, weighing 
958 carats; sold on the spot for ovi^ bought a 

New York dealer and later cm into nine magnificent sapphimi 
weighing 66^50, 20*25, 20*00, 13*11, 12^25, 11*33, 5*50 

and 4-33 metric carats respectively* 

SPINEL 

Spinel is an aluminate of magnesiumi MgO.Al| 0 ^ and when 
in this pure condition--^ e x t rem ely rare occurrence—the mincra] 
is colourless. Bui eiiher of the two oxides, of which it is composed 
may be replaced by others of similar valency—magnesia by the 
oxides of iron, zinc or mangmiesc ; aluminium by ferric iron and 
chromium, the mineral chromite, FeO.Cr, 0 ,, being the end 
member of the scries which commences with the magnesia spinel* 
In this replacement process is 10 be found the explanation of the 
unusual colour range which the gem posaessa. 

The concentrate from the gem-bearing giaxtb of Mogok, 
whether recovered in the miner's pan or the washing machine of 
the European Company, contained spmels of many kinds. As 
tong ago as 1&50, Dr Mason pointed out that spinel was one of the 
constituents, and in the samples of gem sands examined by him the 
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mineral made up more than dme-^fourth^ of the whole maaa, *A 
v^le handful will contain spedmem of every shade—hlack, blue, 
violet, orang)e, amber-yellow, wmc-yeUow, brown and white. 
Many retain cfaeir original crystalline forms; some have the funda¬ 
mental form of the species, a perfect octahedron; but many othen 
have some of the secondary forms, among which it is not uncommon 
to see twins with thiee re->erLtering angles, formed by two segments 
of the tetrahedron truncated on the angles and joined togemer by 
their bases/ Sionlarly, Eh A. G. Blceck, d^cribtng the gravels 
of a small stream once washed for mbies, near Manwe^ Myitkyma 
district, States that a handful of spinels can be oollected there in a 
few minutes, in octahedral crystals, often twinned and varying 
with the peUucidlty from almost opaque dark green to a rare, 
bright, tramlucent red. 

Mason distinguished the blood-red form as the spinel ruby, 
the rae-red as the balas ruby^ an orange-red kind as rublcelle and 
a violet variety as the abnandlne ruby. He also mentioned ^ the 
dark blue or blackish varieties called ceyionite or pleonaste\ 
These dark green to black spineb are wdl-known accessory mincrali 
in Indian pyroxemtes and tliey owe their colour to the partial 
replacement of alumina by ferric iron, FcjO^. Gahnite, the zinc 
spinel, ZnOxAl^Oj, of a vitreous, shining, gteenbh bladt colour 
and only transparent in thin fragments, when it is a dull, opMinc 
green, has been described from Tummalatalupur, in Heltore. A 
dosely related spinel which has p^ of its zinc replaced by iron 
and manganese, known as dysluite, occtns m resinous, black, 
irregular masses and crude octahedra, in the claeoUtc-syenite 
gneiss of ^e Sivamalai area, Coimbatore. The black spinel, 
hcrcynite^ in which the magnesium is entirely replaced by feirous 
iron, FeO.AljOj, was found in lumps and nodules with corundum, 
near Palakod, Salem dbtrict, Madras, by the late Rao Bahadur 
Sethu Rama Ran, The black or ticarly black spineb arc not 
attractive stones, though it b said that they are sometimes used for 
ornamental wear. 

The gem variebes of the mineral are mainly confined to irans* 
parent specimens of vary^ shades of red, blue and violet. HiC 
colour of the former is believed to be due to a slight replacement of 
aluminium by chromium and of the latter two to the presence of 
ferrous irom The red sptneb of Mogok may be of rose, scarlet, 
Indian red, or various shades of pink, but the most splendent of 
them all b a rich deep-red stone which rivals the ruby in beau^, 
although large and periect specimens are worth bu t a fraction of its 
value. A. H. Morgan, the Agent of the Burma Ruby hlines for 
many years, wrote ^ * I have seen a number of very fine spineb 
but none of a higher v^ue than £100/ Here Mr Morgan was 
re&jTing to notable specimens of exceptional size * for stones 
the dbpariiy b very m^ked. Before the last war, when fine mbies 
weighing two to three carats were valued at from £t ^0 to £360, fine 
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r«d ipinds of equal weight could be obtained for &om £6 to 
The octahedra of the cubic system in which spinel occurs arc often 
found in a perfect conditiou and are sometima mounted in some 
fonna of jewellery in their pristiike conditioru The Burmese miners 
attribute their natural lustrous polish to supematural agendes^ 
that is to the work of the nntSf or dmizem of the unseen wcridf so^ 
while wat^'Wom spinels arc known as red spinels in this 

particular and remarkable form are temued anytm-nai^duife or 
^spinets cut by the spirits ^ After outdng, ihe deep red spinel 
13 easily^ and it must be admitted, &equeatly mistaken for the ruby, 
on casual mspection by eye alonc^ ao much so that experienced 
dealers in Mo^i^ thou^ ready to assert that such a differentiation 
is perfectly easyi were hrst to produce a dichroscopc in cases of 
doubt. It provides an {nfallible test, for rubies arc dichroic and 
spinels are not. 

The fine, light blue spinels cut at Mogokt though they are not 
particularly common there, may be gahnospmels, though their 
cbemicaL composition does not appear to have been invesdgated- 
Thcy possess a peculiar, though not unplcasing, steely-blue 
character of their own, and once handled arc not likely to be 
mistaken for sapphires, blogok also produces reddish-purple 
and violet stones, but the best vialei spinels come from 
Ceylon. 


TOPAZ 

Topaz IS a Suo-silicatc of aluminiump Al^F^LO^, m which part 
of the fluorine may be replaced by hytfroxyl, OH. It crystallizes 
in the orthorhombic system, commonly in vertically striaced^ eight- 
sided, rhombic prisms^ terminated by pyramids and domes and 
often by a basal pinacoid as weLL^ l^ubly terminated crysuls of 
any size are very rare. The minoal has a perfect basal cleavage 
and liAJt lo be handled with care both during cutting and afeer- 
wards; its very wide ran^ of colours includes many shades of 
yellow* brown, blue and pink, though many of the latter are heat- 
treated* brown stones of Brazilian origin. 

Althougfa topaz was used as a jeiim in India at least as early 
as the ifth century B.C.* it was not until tgoo that It was flm 
recorded in ludian geological Literature, when colourless crystals 
were detected in a parcel of gem stones frorn the Katha district 
sent by the Government of Burma to the Geological Survey Office 
In Calcutta fur determination. The so-called * oriental topaz \ 
referred to by earlier writers on Indian gems* is, of course* the 
yellow sapphire—a variety which is stiQ known in Ceylon as * klug- 
copaz The 9affit5n*yellow topaz of Ceylun b also termed for 
some obscure reason ^ Indian topaz though yellow * topaz * 
from India proper has proved on examination hitherto to be 
yellow rock crystal, or citrine. 
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Topaz vras fcnmd later m associatioa with fluorite^ in a cadsi^ 
terite-bearing vein at HerrayJngalc, and in a granuJar form with 
aJluviaJ tin-stone, at Taungthonlon, both in the Tavoy diatrict, 
Burma. Topaz occurs freely with cemin rocks of the * kyanite 
belt ’ of Singhbhum, though whether they will furnish gem quality 
material remains to be aeeru In the vicinity of Kanyafuka. in the 
Dhalbhum subdivision, there aie veins and patches of pgl r blue 
topaz in boulder outcrops of quartz^kyanite rock. It is 
ctumnon in quarta-kyunjte rock, south-east of Bakra, while at 
Ghagidih, also in Dhalbhum, a topaz rock, apparently continuous 
with kyarute rock, has yielded crystals 4 or 5 inches long, though 
too impure for gem cutting. Topaz graaulites passing into topaz- 
muscovite schists occur at Lapsa Buru, in Khareawan, where a 
coarse muscovitc-topaz rock of a pegmatitic appearance forms 
TOiis and segregations in the granulitc of South Hill. Pink dumot^ 
^Ue as well as tourmaline occur in places in the same bdt, the 
former bei^ particularly abundant at Mohanpur. Dumortierite 
of a beautiful lavender colour has also beeu reported by S. K. 
Chattel^ as occurring in quartz veins and in k>'anitc-bcaring 
roclcf of the Mogra and Girula arcai^ Bhandara Madhya 

Ftadesh. Veins of fiuartz-dumorticritc rock occur one ciulc west 
ID south of Us rkhffJ i i , and baadi of duruortierite-^Eopai-kyaiutc^ 
mii5C<mtc betwetn Daheguon and Minjhar* Duraorticritc 

li a hydraticd borosjlicatc of aJumlniuni and when polished is said 
to make fin attractive omamental stone^ its gem varietien coming 
from California and Madagascar. It u mentioned here 
because of its association with topaz in both Bihar and Madhya 
Fradesh. 

Slightly ^™ter-wofn crystals of topaz, sometimes exhibiting 
tne rare doubJe terminations^ and cither perfectly colourless or with 
a taint )^]owjsh tingej arc found in the gem gravels of the fuby 
muiM of Mogok, but the frncst specimens yet produced wer^ 
obtained when ihc great pegmatite dyke at Sakangyi, tirar the 
42 n imle post on the Thaheitfcyin-Mogpk motor roadi was mined 
for rock erp^ about 1923. Most of them were colourless^ but fine 
yelJow and blue examples of gem quality woe abo obtained. A 
rnagniliccnt specimen measured by one of the present writers was 
ol a clear, pale amber colour, a simple prismatic type crowned by a 
ppaimd; weighing m.-er lo lb., it was 6*7 ijjchca in height, 
ya mchcs in width and 4-2 inches in thickness. Another paler 
pta^plc was of the same size* Smaller topaz oystfilsj 
exmoitirw many complex forms^ must have been very. abundant 
and could^ be obtained locally in quantity years later: uaiwJly 
im cf One inch in they w&e ideal frtr ^T-n^i^llrh- 


p-- LU ucimvciy as uie ' Mogok diamond 
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TOURMALIISTE 

TounnalInC} the comploc bormilicate of aluminium^ togedier 
with the alkali loetaisj iron or mognc^iiini^ dcxivci hs Grom 

the SEnghalese word tarmaUif which is also iiscd to describe the 
yellow varietica of ^ircon^ It crystallizes m the rhomhohedral 
class of the hexagonal system and is hemimoi^hic, the two cads of 
its prismatic crystals^ which may be three- orab-sided, being thcro 
fore dissimilar. It is a common accessory mineral in many typ^ 
of acid i^cous rocks and pegmatites^ as well as in veins with metric 
ores and in various metamorphk rocks. Common tourmaline is 
black and opaque as it Is rich In iron^ but the alkali and magnesian 
tourmalines are nsiially transparent and coloured p and it is from 
them that the gem tounnaJinca are derived. 

Rubellile or red tourmalme, an alkali varietyp is the most 
prized member of the groupp and it may possess any shade from a 
near-ruby colour to rose-red and pink. Pink tourmaline was 
mined sporadically under Chinese aupcrvistoa for over two cmtiirieSp 
until atout 1910, near Maingnlnp in Mong Mitp which adjoins the 
Mogok Stone Tract of Burma on the north. The rnatrix of the 
gems a thickp decomposed pegmatite^ and the methods followed 
were those of the ruby miner. In 193*^* gpecimena of mbehite 
from this locality still existed in the stoclb of some of the stone 
dealers in Mogok, but they were growing scarce and becoming 
rather costly. Lovely multicoloured^ sheaf-like growths of 
columnar courmaliac crystals, each terminated by a squat pyramidj 
pressing close together in divergent form from a common base, and 
of varying shades of redp purple and greenj were also seen in Mpgok 
about that time, but their lot^ty is not Imown. 

Namonp in the Salween valley of Kaxenni, used to supply 
transparent and brilliant, dark emerald^isen crystalsp varying in 
size from that of a pea to a bean, which were for a time successfully 
disposed of in Rangoon as emeralds. According to Middlembs 
(1900} they are shed from cryatallinc limestone into a sandy suriace 
clay which was mined by pitting and then washed to recover the 
gems. These were all independent cr3rstals, bounded by b riIlian r 
&ces, chiefly of the prism and rhombohnlron, and a few were 
actually found in situ in the crystalline limestone—really a handsome 
white marble, which lay below the clay« 

The mica-bearing pegmatites of Rajasthan have, m Ikr as is 
known, furnished no useful, tran^arcnt redp green or blue gem 
tourmaliaes, but mention may be made of the gi^intic dark green 
to bladt oy'^talSp with well^evetoped end faces, up to 12 feet in 
length and iB inches in diameter, which arc to be found at Bhunasi 
in Mewar, and of others 3 feet long and to inches m diameter 
occurring at the Makrara b^l mine in Ajmer. 

Blue and gieen kinds occur at Lapsa Burup Kharsawan, Singh^ 
bhmn, and blue and green varieti« have been found tn the mica- 
bearing pegmatites of the Hazaribagb district. A transparent 
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green tourroalinct sometimes of gem quality, is associated with 
dark blue indicolite in such a pcg™titc at Mammundar* for 
example: some of ihe crystals from this place being blue internally 
with an outer skin of a green colour. Ac Jhanda Buru^ in Chota 
Nagpur, there is a white apltte traversed by streaks and Imes of blue 
tourmaLme. 

A pegmatite between Mogra and Mcdip in the Chhindw'ara 
district of Madhya Pradesh^ carries toiitmallne of various shades 
of blacky brown, green and pinkp as welt as light orange-yellow 
garnet, but the tnaterial exposed at the iitrface is not of gem grade. 

Light green tourmalUie crystals^ transparent, very thin in 
proportion to their lengthy seldom reachmg more than a indies 
with a breadth of about } indij occur in a granite vein about one 
mile from the Kashmir sapphire minesp where they thiddy encrust 
and penetrate large quartz crystals. Rubellitc with the tint of the 
pomegranate and s mal l transparent brown tourmalinea abo come 
from the Same locality. 

ZIRCON 


Zirconi the natural silicate of zirconium, ZtSi04, cr^^stallUes 
in the tetr^onal system* and its hardness, high rdracdvc index and 
great dispersive power make ii a popular gsm stone. * Ck^lomlcH 
stones rival even diamond in splenwur of brilliance and dUplay 
of fine,* writes G. Herbert Smi^. * Zircon is probably the stone 
most able to simulate gem diamond^ especially in anifidal light,^ 
states R. Webster. * Vftien well cut and polished* with their large 
dispersion* colourless and pale aircons may closely appmxLmace to 
the diamond in general appearance/ adds J. F. Halford WatMns- 
The colour range of the species is remarlmble and covers many 
shades of red* brown* green, orange, yellow* blue and colourless, 
but most of the sky-blue and colourless stones arc obtained by 
the heat treatment of yellow and brown varieties. According to 
W^adia and Fernando^ the name * hyacinth * ia applied to the clear, 
tf^parent* red* orange* brown and yellow stones, while the name 
" ja^on * is given to other coloured and transparent gem 
varietia. The term ^ Malara diamond bestowed an stones 
rradcred artificially colourless* is misleading and ought to be 
discarded. 

With the exception of a locality near Kedamath* in Garhwa!* 
whence a number of fine red stones arc said to ha^'e lioiiic* and of a 
pegmatite at Appiyode, in the Eranial taluk of TravanCOtc, where 
red and greyisn-whiie crystals which are seldom transparent have 
been found, the presence of xiicons of gem quality has not yet been 
proved tn India. The best zircons come Ceylon, but the gem 
gravels of Mogok and certain deposits in Slam are important sonrcea 
of supply, ^though the zircons of Mogok and of other valley? 
in the Stone Tract of Burma are now obtained from alluvia! 
deposits* ihcir origittal home was probably the local crystallin* 
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limestone and they are usually found as wdl-fomed, clear crystals 
exhibiting few signs of wear. They are ™craJiy in the form of 
short, squats squarcwsccttorted, four-sided prisms, doubly-temii- 
nated by a similar pyramid, or by a combinaii on of two or more of 
them- Sometimes the edges are more or less abraded, but water- 
worn pebbles of dreon are rare. Transparent green and gieyiab 
green tints are the tommoncsi natural colours, but brownish 
green, reddish brown, greenish yellow and yellow stones also 
occur. 

Natural zirconium silicate is never pure, containing as it does 
small quantities of other elements such as iron, uLanium, calcium 
and hafniu T n * furthermore, sdreons arc often ntdio-aetive^ some* 
limes markedly so, owing to the presence of uranium or thorium. 
This radio-activity is said to be respooHible for the brcaJedgw-n of 
the lattice structure of some crystals, resulting in a marked decrease 
in tbeir specific gravity and reEractivc inde^ though in the case of 
Mogok ru'com, aoco^lng to Dr Oscar Weigel, no such alterations 
have taken place, even when ih^ exhibit a radio-activity equal to 
that which has demolished the internal structure of some Ceylon 
crystals, and reduced them to the * low ^ or * metamict * lype, 
compost of amorphous silica^ amorphous (or micro- 

crystallinc) tirconia, ZrOj. Most Mogok Kircons belong to the 
* high ^ type, that is to say they are completely c^tallized, normal, 
zirconium silicate j the Others bdong to the intermediate clasSd 
Characteristic of many Mogok stones are the remarkable absorption 
Spectra which they exhibit, a usciiil help m die ideottficaiion of 
cut for the refractive index of xircon is too high to be measured 
on the instruments usually employed for the purpose. 

Zircons are not expensive gems: in 19^3 they could be bought 
in London at prices ranging between 2 and 40 shillings per carat, 
depending on the size and colour of the stone itself, but by 1939 
price had advanced to a minimum of JO to 15 sbihings per carat for 
small stones, up to about 30 shillings per carat for fairly Large blue 
and red varieties, and 15 shillings per carat for colourless stones 
weighing about 4 carats. Owing to its high specific gravity, a 
xircon, say, of one carat in v^ight, is appreciably smaller than ^ 
diamond of equal weight. 

AQUAMARINE OR BERYL 

Aquamarine is the tramparent bluish or bluish green variety 
of berylp asiticate ofbciyIlium and aluminium, Be^fSi^O^g, which 
rrystallLres in the hexagonal system, the same mineral which when 
of an mtjcnsc, grass^-grecn colour becomes the emerald. Beryls were 
produced in India about 400 b,c. according to S. Ball: Strabo 
mentiema their use in the ornamentation of Indian drinking cups 
(45 B.c.-A-Dp a 1) and Pliny regarded Imfia a$ the chief source of the 
stone in his time. Of more substantial evidence arc the beryl 
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omamcnu fouiHl in the BhatdproLu jstupai, dating from the Andhra 
dynasty {^so b.g.-a-d, 236)* 

Stones of bine and sca^ecn shades were mined in the «irly 
decades of the nineteenth century at Padynr, in the Gnimbatorc 
district of Madras^ when: they occur in a drwy vein of graphic 
granite iutrusive into mica schists An account of the worJmgs 
at this place was given by LcschenauU de la Tour in 182^. Slender, 
pale blue oy^taU^ over two Laches in lengthy occur in the great 
pcgtnaiite vein at Sakangyi, Katha district^ Btirma. A ycllowiah-i 
grocn ^'aricty ckcuis with the more usual hiuisb green kind in 
pegoratitc veins near Melkote, Mysore- 

As a general rule, the beryte of the miea-bcaring pegmadtes 
of Indian in which ^ey often attain huge dimensLons^ arc loo 
fissured and flawed and of too washed-out a colour to he of any 
value m the gem trade. As an CKCcption to dus^ however^ some 
beautiful aquamarines have come from the mica mines, miles 
west of Saldapuram, NelJcee. 

Coarse b<^l is mined on a large scale in Rajasthan for the sake 
of its metaUie contentp and the prodigious size of some of the 
crystals obtaiiied in that region has been referred to under 
BERViajuai. In some crystals^ uii to about 9 inches long and 
about 3 inches across^ colours aie aisplayed very diiTermt frenn the 
common blue and greenish blue shades. These are of orange and 
amE>eri pink, brown^ reddish brown and even black colours but, 
unfortunatclyi most of these oystals are cloudy^ only the very small 
Ones being water-clear* It is saidt howeveTj that small pieces of 
gem quality can often be broken from the otfa^^ partitmlarly those 
of pale amber and aquamarine tints. They are occasionally made 
use of by the local lapidaries, but arc not in much demand* Some 
of the necklaces of pile blue and greerushj large, semi-transparenc, 
irregularly clouded beadsp sold byjcw ellm in Jaipur, may be made 
from local materia!, according to Dr A. M. Heron. The pink 
and red beryls from Mewar, IGshaugarh and Lohargal, in AjmcCj 
tncril further attendoni for the lovely gem known as morganitc is a 
pink or rose beryl which owes its coloiir to the presence of ^nah 
amounts of lithium. ^Golden beryl^ is the name given to more 
intci^y coloured ydbw refcrTed to in the trade a* 

^ heliodor ** The paler yellows have no particular interest, but 
the deeper coloured^ bright examples l^ve a value of their own. 
Whether Rajasthan can furnish material of thw hAji still to be 
dctenntiicd. 

Aquamarines were discovered in 1915 near Daso, in the Shigar 
valley of I^dakh, Kashmir, where biotite gneiss is traversed by 
pegmatite veins containing quartz, orthoclase, a bite, tourmaibie, 
garnet and^ b^"L The best ciystals of gem quality come from 
drusy cat'itl^ in the centxai, feldspathic portions of the vTcins, where 
they fo^ uaiisparcnt prisms from | to 1J mehes in width and 2 to 3 
inches in lengthy In colour they are a vivid greenish blue audj as 
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cut stones, tend to be delicate and pale in tint with a poticcnble 
limpidity, especially apparent in artificial light. This is the best 
that can be said of Daso aquamarines and, in the words of C, S. 
Middlemiss, who opened up the workings with Lala Joti^ Parshad, 

* it is no use arguing against the vagaries of fashion, and masmu^ 
as these Daso aquamarines seldom show great depth of colour, in 
this one riapc^t they Ml short of the highest standards of eaceUenoe 
now in vogue. Thb will in some meaaurt: dettact from their value 
in the markets of the world’. This may well be the explaiiauDn 
of the f art t h=u though 3-75 cwt of beryl wtic removed from the 
area in 1915, and 4* t3 cwt in 1916, the last recorded output was 
of 55 lb. in igat. The deposits themselves gave promise of great 
richness and extension, in fully exposed outcrops, in a country 
where soils and vegetation arc very rairictcd, Daso itself u 
situated on the right bant of the Braldu river, a few miks above its 
junction with the Shigar, and it is known that aquamarines have 
also been found at other localities, further up the Braldu and Basha 
valleys, and in the B,ondu neighbourhood. 

emerald 

The emerald is the rare^ riddy verdant green wiety *f ^}J 
fine, transparent speciinens of which are said to be the most oesitahle 
of all precious stones and then, like the best rubies, surpassing even 

the diamond in value. . ■ t j- ^ 

have always been held m bgh esteem m India and 
there are said to be references to them in the Mahaotuiraia. The 
Agastima£Of ^ treatjac on gem atones^ dated eaflier than the tenth 
catury A-D-j recognises eight dassra of emeralds, die best of which 
must be transparent and without dust, * pure as a drop of water 
on a lotus leafof a velvety lefiection, and » coloured that when 
aepo^ to the sun on the palm of the hand, it tints its whole sur¬ 
roundings. Such a stone would indeed be remarkable, for unflawed 
emeralds more than a few carats in weight are almost unknown, 
though, as R, Webster has observed, an eycnclcar stone is fer from 
an impossibility. ... 

In the abv^ci- of any known Indian deposits, students of such 
subjects have hitherto believed that the stoues were imported from 
Egypt, perhaps by way of Ethiopia, and later perhaps overland 
from Siberia. It should be added that the ancient emerald mines 
of the Jcbel Zebara and Jebd Sikait, in Egypt, were prrobably 
wor ked some ;t,ocio years belbie the Christian era, and doubtless 
were the source of the stones used in much ancient and medieval 
jewcUexy. The discov^ of oneralds in Udaipur, Rajasthan, 
however, proves that the stone do« exist in India, and it may well 
be that in earlier times other deposits, long exhausted and fbigotten, 
contributed their quota to the home market, though this docs not 
rule out the contemporaneous exis t en ce of an extensive import 
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tradc^ CkjmJng to more recent times^ it h known that the knpom 
of emeralds firom the London market were on a considerable scale 
70 or 0 O years ago, and in later years still stones were obtained from 
Colombia and Ac Ural deposits. Writing in 1935, Vancchand D, 
Zaveni commented on Ae demand m India for Ac rough stones 
which, unj^rted into Bombay, Calcutta and Madras, eventually 
reached Jaipur for cuttingi where, he added, many of Ae gem 
dealers ha\-e vast foreign oonoexlons. This demand continues, 
especially for Ac cheaper and lighter coioiircd stones from oAer 
produdng territories. Ptevious to 194S, India was Ae chief 
market for Ac bulk of Ac SouA African emeralA from Ac Leysdorp 
district of Ae Transvaal. 

The Kalaguman emerald mine lies nearly g m ilrs cast of 
Charhhuja railway station, in Udaipur, and has been worked as a 
large open-cast since 1945* Aough imder;grouiid methods have 
been trted^ and abandoui^^ Tlie country roedt consim of hom- 
bl^de schist and Ae emerald crystals are distributed at random m 
vein-like bodies of soft^ talcose, biorite schists comaining occasional 
pockets of actinoUte needles. These bearing-bodies, or banA, 
rangje from i| to 5 feet m thickness, between hombhmdc sdust and 
an altered rock of a pmdotite type. There are aUo abundant 
mt^ions of pegmatite in cImc projdmity to Ae erocrald-beariiig 
ichi^. Up 10 Ac end of 1951,3,567 lb, of emerald of run-of-mine 
pane had been produced here, and Ac sale of stones up to Novem* 
ber 1951 totalled Rs 7,78,361- 

■ ^jgarh emerald mine is about 15 milea south of Ajmer 

itself, in Ajmcr-Mcrwara, Ae nearest railway station being Lachpi- 
pira, 3 miles tiDrAncast of Rajgarh. It lies on Ac Aravalli 
S^OK Cfemploc and Ae stouts again occur in soft, talcosc, 
biotitc schist, assoOTted wjA altered peridotites and Atmsive 
pramte and pegmatite. Quarrying commenced here in Egd.?, and 
Ac total v^ue of the emerald sold from it, up to November 
wBi ac^ly half a milhon rupees. O Aer emerald occuttcimm have 
found at Bubani, m Ajmfi*-Merwaju, a miles from Geg^- 
on Ae Ddhi-Jaipur main line of Ae Western Railway, 
where conditions arc much Ae same as those at Rajgurh, and from 
Ac Gamguda and Tekhi areas of Udaipur. The firat prospect 
IS be^veen 15 and 16 miles fix>m Nathdwaia ralway station, 
and Ae second about miles souA-casi of Deo^h railway 
itanoiL ^ ^ 


IndiM cmcralcis then occur m rnetamoipbic talc-biodte schists 
Aar Mntacti wiA pegmatites and other acidic intrusions, and 
c mmerals associated wi A them arc t|uaxi^^ frl Apar, coummlinex 
apatite ac^lire, talc and biotite. A few stoma have been 
recovered from detrital dgwsits Aed from Ae parent rock, and 
tnCT have not been found In Ae associated pegmatites Acmsclves. 
1 aey are s^ to occur mainly m Ae form of hexasonal crvstals. 
or as angular grains and broken pieces, for they are generally 
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brittle and easily tnimhlcd. The crystals range from a fi:actiair 
of an inch to almoit five inches in but such large specimens 

are rare and most of them are marred by flaws^ cra^ and web- 
like inclusions, as well as by chin layers of biotite and talc* At the 
same dme, pieces have beem obtained upwards of a cubic inch in 
tiac, with ^ complete n^mparciidy, dark green colotir and very 
minor cracks and flaws The b^t stones have come firom the 
Kajgarh deposits and have brought higher priexs than those from 
Kalaguman^ owing to their larger sizej better colour, softer lustrCp 
and clearer transparency. 

At the mincs^ when a stone is found It is placed immediatciy 
into a Locked boa, the contents of which are finally emptied into a 
bag which ts sealed under strict supervision* Later, in preparation 
for sale, any waste rock or associated minerals adhei^g to the 
emerald crystals are removed with the aid of suitable tools. The 
gems arc then boiled in both alkaline and acidic solutions, and arc 
by this means rendered sufEdoidy dean to exhibit ihek quality 
the size of the finished stone chat they arc likely to yield. 
Finally, they am given a thin coating of oil, before being graded 
into the six quality classes and sorted into the various Lots which arc 
later offered for public auction in Jaipur, These auctions arc 
held under the joint supervision of the Govcrmncxit and of the 
mino-ownen. In the preparation of the notes on emerald 
mining we have been greatly assisted by the report of B, 
Bhargava. 

Wc have been unable to obtain technical desoipdons of the 
various grades ioio which the emeralds are divided, and no deacrip^ 
dons of them have been publisted, but Ajmer emendds, presumably 
of the finest quality^ have been examined by the American specialise. 
Dr A. E. Alexander, who states that they were for the most part 
quite clear and as far as colour was concerried rivalled the emeralds 
of Muao origin. Again, of four specimens from Kalaguman, 
examined by Dr £. J. GubeUn, the eminent Swiss gemmotogisr, 
two were de^ibed as comparatively dear to the naked eye, vividly 
lustrous and of a rich green colour, aiinilar to diat of the finest 
gems from El Chlvor. A ihird was a very beautiful stone wnth a 
soft, velvety lustre and a pronounced emcrald^green colour, resem- 
bLing a Muao example, and a fourth was said to be lustrous with a 
warm yet vivid glow, and a loft, cmcrald-grcen colour m no way 
short of the finest Muzo quality* The interiors of the third and 
fourth specimens were thinly veiled by delicate H. Crook* 

shank describes the colour of the Kdaguman stones (prcsiimabiy 
of the first quality) as " exquisite ' and thdr * water" as almost 
perfect, but he ad^ that in the ophuon of expert jewellers they are 
not as dear as the best South American examples. Muzo and 
El Chivor arc localities in the State of Colombia, in South Amcricat 
from which the finest emeralds in the world have been derived 
since the sixteenth century. 
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It 13 not blown what proportion the quantity of fij^t-graiie 
ston^ bcar:i to the total amount of matcriaJ found, but tt is probably 
quite rnialli for Crookshank remarks that on tbe whole the quality 
of the Kaiagtiman stones is a little disappDLnling;^ the vast majgrily 
of them hating been used for beads and ring-stones of a semi¬ 
precious type. Some London jewel merchants speak of Indian 
emeralds as being somewhat dark m colour and displaying rather 
shimmering inclusions, but to what grade in the Indian scale of 
cLassificaiion these particular examples belonged we do not know. 
Mmeover, necklet of emerald beads, supped to be entirely of 
Ind^ origin, have been found to contain stones from both South 
Africa and Siberia. Gem specialists have little dMculcy in dlstin^ 
gulihing the proven^ce of any particular stone. R. Webster^ to 
whose help we are mdebted, has drawn attention to the typical^ 
two-phase, comma-^e* microscopic mdusiohs of Indbn emeralds, 
a feature of diag^catic value^ due to the presence in them of motive 
crystals filled with liquid and a gas bubble. For a full description 
of ^fse and the other physical characters of Indian emcmltb the 
writings of Webster, Alexander and GubcUn should be consulted. 


CHRYSOBERYL 

Chr^b^l is an almnmate of berylltump BcAliO^, which 
pystallizes in the orthorhombic system; colourless when pufe^ 
it often possesses various shades of yellow^ brown and green. It 
is harder than topaa but not as hard a$ corund um ^ and when trans¬ 
parent or translucent makes an mteresUng gem stone. 

Sulphur-y^ow, platey crystals of chrysobery! occur with deep 
blue apatite in the fddspar-corundum rocks of the Kangayam 
ndghbourhpod, Coimbatojit district, Madras, and are said to be 
sent occasionally to the Lapidaries in Ceylon. There arc extensive 
ancient workmgs for chiysoberyl at Manikkal—a which 

means ^ gem quarry *—in the Nedumangad taluk of Travancore 
where illicit operations conuneoced again in 1942. Rumours of 
Valuable finds to a furlhcr infiux of unlicensed miners and 
finally to official intervention in 1944. Preliminary prospecting on 
behalf of the State by the Travancore Rubbw Works was incon- 
d^e* and in 1947 E. K. Raghavan Pillai, of the Geological 
I^rwtmenl of Tra^^ancore, was deputed to undertake a systematic 
exploration of the whole area. He selected three unwork^ sites 
^d from the first obtained 54S chrysobc^l fragments from the 
n^ 2 or 3 feet of the top soil, majority of which were portions 
ol yellow iransparent crystals. These are locally known as thda 
pw™ chatoyancy are of but little \^lue. About 
35 01 me specunens, however, ranged up to carats in weight and 
though not entirdy flaw^lcis had the true cat^i eyca appearance and 
were woithy of the attention of the lapidary. In the case of the 
secon site, of ^93 specimens from between 3 and 4 feet below the 
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surfw, nol more than a down were of any value- The third site 
yielded about a pound of yellow transparent crystal fragments from 
5 to 7 feet below ground level* The whole character of the occur* 
rente as well as the erratic distribution of the gems lead to the 
conclusion that though chance finds may be profitable to the i^- 
vidual, as a commcreial undertaking large-scale mining of Uim 
chrysoberyl depoaio is unlikely to be proBtable, Small ^tais ofa 
yellowish tint have been found, a^in in association with apatite, 
in a vein granite at Ratnidi, Cuttack district, Orissa, Traosparpt 
yellow stona of good quality occur with beiyl in mica-bear^ 
pegmatites at Govindsa^, Kishangarh, Rajasthan. Pale, greeiwh 
yellow to amber, and yellowish brown, vitreous crystals were dis- 
covin^ accidentally in the debris of a beryl working at Lohag^, 
near Ajmer, about 1544, where they are associated in eluvial deposits 

with moriitzitc sud colitflibitc^taiitalitCp It is probabl'C the 

stone is of conunoncr Gccuneiioe in the pegmatites of Rajasthan 
than is generally realised, for it is not of striking appearance in the 
rough state, and, resembling greenish quartz on CMual ^pcction, 
may have been overlooked by the miners cancemed* Chrysoberyl 
is regularly cut both in Mogok and in Ceylon. The Burmese 
stones trary from colourless spiscimcns to bright, lustrous, s^-greer^ 
single crystals and to beautiful, transparent, wine-ycUow and 
practically flawicss trillings. \Vaicr*wom specimens from t^ gem 
^vels resemble the local peridots, though somewhat lighter in 
tint and considerably harder. 

Xhe Ceylonese stones include the true cals eyes , the 
chatoyant, wavy, opalescent, greenish variety of 
be with die quartz ‘ cat's eyes', and the delightful alexan¬ 

drite, ‘ one of the rarest and most beautiful of all g^™,’ unique in 
that it appears green by daylight and red in artificial light. 

GARNET 

The great fami ly of garnets arrange themselves into an Lsomor- 
phous series of cubic silicates, all of which possess the same general 
chemical constitutioii, and most of which yield gemstonH ofintciest 
to the lapidary and jeweller. The names and composition of the 
chief memberi of the famiiy, all of which occur in India, are as 
follows: 

Alnundice, M iitin-4llimtniiim _ mlicate, FciAl. (SiOf)! 

Pyr^c, s niagiijsiuin-sliiitiiaiuiii ,, , 

Gmniilarite, s cikiuiB -st u m i T iiuitt „ , CsiAlt (SiOt) ^ 

Andradite, a ealcium-Lmn silkstc „ , C!*,Fc. 

Sposartitc, a mangMae^ilumtiiium „ , Iiffc|A]| (SlOf), 

tharoiviie, * ctraoiiiflii-etloum „ ■ Csj&i 

These are theoretical, simple compositions, hut in nature, one 
garnet can, and often does, contain an admixture of the constitiKnti 
of another. It is a particularly common mineral m Indii^ esj^ially 
as macro-crystals in the ancient rocks both of the Peninsular and 
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cxtra-PcTunsular arcat^ but locaUtieft of 3tones of gem grade are 
fcw and ttr between. The wbolc ramlLy is essentiaJly dodecahedra] 
or trapKohedraJ in babit^ the crystib usually forming simple 
dodecj^cdra^ sometimes with their edges bevelled off by anothCT 
fcTUt 

Gameu were cut in India long before the Christian era and the 
country fumlshed stones to both Greeit and Roman merchants. 
JewcU of g^unett topas» catnelian and rock crystal were found in 
the stupa at Piprahva where remains of Gautama were [nterred 
alxmt 483 * The carbuncle of the ancieat$ wrote V. Ball, 

* is garnet cur, as it is called^ en cahochn. The art ts tdll practised 
in India, and the stones, when of good quality and well cut, arc 
very beatiiiful and would meet with more esteem were it not that 
they happen to be dicapp which has put them within the reach of 
so large a circle that they are made but little use of/ 

I^ious garnet is won in certain parts of Rajasthan, Jaipur, 
Gdajpur, Kishangarh and Ajmer-MerwaraL. The * real Jaipur 
garnets , eaEtcnuvciy sold to toimsts, probably come from various 
lorries in Ajmer and Klshangarh. The stod^ are found in the 
soil cervering hollows m the surface of Aravalli schiits, especially 
whm these are traversed by granitic intrusions; from shallow 
wwkings On the outcrops^ and from the beds of the rivers draining 
roeb. Mining appears to be carried on intermittendy, and 
the ren™ may be blank for several yeara ^nd then show the 
production of a few tons, which it doubdess taka the market a 
considerable time to absorb. Thus, 7^3 tons were reported from 
Jaipur m 1930 after a decade with no output at alL The hnest 
stona ccraic from die Sarwar district of Kiihangarh, They arc 
pit in Jaipur and Delhi and a portion of the cut stones itiU finds 
^ way abroad to other countries* It b usually stated that most 
garnets belong to the almandine group, but die variation 
m their colour from dec^ red* through reddish purple, to purple 
wems to i^icate $Dme intermediate varieties In the series which 
beg^ With the blood-rcd pyrope and, by replacement of its mag- 
ncsitnn content with iron, ends with the nearly pure, violet coloured 
aJinandme. A rhododendron-red variety, corresponding to a 
almandine and two of pyrope, has been 
termed rhodolite+ Gem garnets of these types occur at various 
^^<3ng5t them being Gharibpet, Kaketia and 
P^onka, m the Warangal district of Hyderabad. Large quantides 
of stones wm at one dme sent from Gharibpet to Madras for 
cuttmg, while a neighboujing area, Khammamet, furnished many 
parcels for exptirt to Lurope about 19^5. 

Hessonite, or Cjonainon Stone, a honey-brown rariety of 
been reported from Mudapala, in Orissa, by 
“■ y ^ said to occur b the vicinity of the Seven 

HjU, on the TMilgirif, near Ootacatnund, Madras, Yellow 
and cmiiamon<otoured hessonim are the commonesl varieties 
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in the gem gravels of Ceylon^ and appartnlLy modi of the Clones of 
thcdc types used in jewellery come &om the gravels of the Ratnapnra 
and Balagonda districts of the island. The terms * hyacinth * and 
^jacinth % sometiincs xjsed for the oTange, flaine-caloiircd and 
reddish brown garnets of C^Iori» which also belong to the hessonite 
group, are incorrect and miskaiding and ihould be avoided. The 
yellowish brown to light yellow and yellowish white garnets from 
the Coimbatore district of Madras^ as well as the green specimens 
from quartz veins traversing hornblende schists at Saniaridntgi 
in the Salem district^ and others from unknown localities in Burma, 
arc perhapft varieties of grossulartte^, 

The town of Kondapalle, near Vijayawada (Bezwada)^ in the 
Krishna district of Andhra, was famed at one rime for its 
policed garnets cut m as " carbunclesThe rough stones 

woe probably derived from the khondalites^ but Dr Kn'shn^ states 
that very little suitable material is to be found hereabouts at the 
present day. There are old gamet wcxrkings In garnet amphibolites 
and mica s^bts near Ellarmnan Koviipatti, a few mi!« south of 
Kulittalai, in the TirtichirapalU [Trichinopoly) district, and 
evidences of similar activities near Sevitturangampatti and Toppur, 
in SaienL Good gem garnet is also said to be available near 
Mebmattur, in the Tirunelveli (Tlnnevelly) dismet. Transparent 
garnets of purple and violet shades are |)rresent in the mica schists 
near Utukur and one or two other places in the miiiA belt of Nelkwe. 

Though possessing no value as gent stoueSf the deep red to dark 
chocolate and black almandmes of the Rajasthan mica, belt may 
be mentioned^ as they occasionally attain the size of a small foot* 
KaII^ while specimens as large as billiard balls are common. As 
oystais exhibiting combinations of dodecahedral and trapezokcdral 
forms they are good collectors* examples. Excellent ciDnamdn- 
brown crystals of grosstilarite, which in addition to the forms 
mentioned also exhibit hcxoctahcdraJ faces, come fiom a pegmatite 
at Daolathgarh, in Mewar* 

Uvaroviie^ the brilliant, cmenild-grcenp chrome garnet occttfi 
in dodecahed^ crystals in chromite, near the HanJe monastery, 
Rupshu^ Kashmir, though they arc said to be too small to be of 
much utility 1 It is also found in the Jade Mines area of Myitkyinai 
Burma. Of spessartite, the manganese garnet, G. Hubert Smith 
writes as follows; ^ Ifonly spessartite of gem quality were found in 
sufficient quantity^ its aurora^red colour would render it most 
acceptable for use in jewellery. Suitable spessartttes are so rare 
as to be curiosities." Spessartite is a ikirly common mineral in 
Indian rocks of the Gondite Series and the b&x crystali come from 
Jothvad and Namkot, in Bombay; Blchua and Gaimukh, in 
Ghhindwamp and Ghargaon, Satak and Waregaon, in Madhya 
Ptadesh. According to Sir Lewis Fermor, it is not often that the 
crystals are perfectly tranrparent and free from darkening, but 
when unchanged ^ they are often of a most beaudfuli bright orange 
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colour and if they could be obtained La quantity and of a fair size, 
they might be used as a moit lovely getn \ Othi^ darker ^adn 
are met with, orange-red—the tint of guava jelly^—^to blood-red^ 
Spandlte, a garnet intermediate in composition between spessaniie 
and andraditC;, occun in the Koduritc Senra of the Srikaiulam 
district of Andhra, and in particular at Carbbam and 
Raniabhadrapuram, It varies in colour from deep oran^ to 
bnovm Orange-red and blood-red and never dispUya the lighter 
orange shades of the true spessartiie. 

rOLlTE 

loiitc is the gem variety of the mineral cordicrite, a complex 
silicate of aJuminiinn and magnesium^ MgiAl^Si^Op, in which 
part of the magnesium may be replaced by ferrous Iron and manga^ 
nesc and part of the aluminium by ferric iron; wats- may abo be 
presents It may possess almost any shade of blue, crystallizes in the 
orthorhombic system, usually as short, prismatic, pseudo-hexagonal 
tw^ and derivQ its name frrom the Greek word ten which means 
'violet*, in allusion to one of its colours. It has a synonym 
* dichroite * on account of its strong bi^^oioured character, visible 
to the naked eye wiLhout instrumental aid. 

That ioliie was a gem revered m Ancient India is indicated 
by the preface of several plee^ amongst the relics excavated at 
Buddh Gaya about 1880^ and believed then to be about 3,000 years 
oldi. Pale blue to Indigo blue loLite, dunsparenl to slightly cloudy, 
occup in a few places in the Kadavur ^rtnmdbn of the Tlmchirapalli 
district, hladras, tn small loises and streaky masses, associated with 
vein quartz and granite gneiss. About a west of Kiranur 

there are old pits formerly worked for iolite, pink corundum and 
'^e county here are cryst^lmo limestones and 

amphibolites with intrusive pegmatites and quartz veins. The 
mineral is also stated to occur in violet patches and spots in a vein 
granite near T^iruycila, in Travancore. Cordimte is abundant 
in certain sillimamte-biodte sdh.islA, associated with spinel and 
sapphidne-bcaring rocks of the Madugula taluk of the Visakha- 
patnam distnet of Andhra, Though not of quality, the occur¬ 
rence is important as an indication of the formation of cordieritc as 
a product of the Intermixing and metamorphLsm of an uitrabask 
suite of rocks with the khonclalitcs of the Eastern Ghats, and as a 
guide in fiiiuFe searches for better grude material, 

^ ^ small rolled pebbles In the gem gravels of 

hm^ok, though it b not common there^ Cut in the right directLon 
these make attractive, pale, smoky violet stones, which, though they 
i^y lack both ^fire* and brilliance, nevertheless po^css an alluring 
charm of their own: their comparative rarity probably accounts 
lOT the little use that is made of ihem. The icnn * water sapphire ^ 
by which they arc known, specially amongst gem traders in Ceylon, 
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thQiig;h cvm there the slt?ne im is deceptive and should not be 

U3ed. 

KYANITE 

According to Max Bauer, one of the greatest authorities on 
precious stones in his day, the best oTitab of gem ky^te are said 
to come from unknown localities in India, a country in which it is 
more extensively used than dsewhcrc* * There is no doubt 
wrote Bauer, * tl^t kyanite is obtainable at many places in India, 
but it has suggeked that the stones worn m that coundy have 
all come: Erom Europe/ This suggestion is incorrect for kyanitc 
la common enough in some of the Archaean rocks of India, and has 
been found in the Himalayas, the Punjab, Hyderabad, Andhra, 
Madras and Bihar« 

Kyanite is a silicate of aJtimmium with the composition 
AlgSiO^^ a formula which it shares with andalusite and slllimanite, 
and both the hrst and last named minerals in their coarse and 
massive forms arc worked on a large scale as refractories. Kyanite 
crystallines in the triclinic system, usually in long thin blades, some* 
Hmrji attaining a length of over iS inches. . 4 s its name indicates^ 
it is blue in colour audit has the extraordinary property of possessing 
two diffcicnt degrees of dincctioMl hardnesa, so that it can be 
scratched by a knife on some faces but not on otheis. For this 
reason it is sometimes known as * disthene ^ 

Kyanite is abundant in the schists and granites about Kanaur 
and Bhabch and in many parts of Rashahr in the western Hima* 
layas, w^hexe its beautiful blue colour has often led to its being 
mistAen for sapphire, ^Vhen quite transparent, which is un¬ 
happily not often the case, it malra a very pretty gem stone when 
properly cut, varying from a pale sky-blue to a deep cornflower 
shade. It is used by the lapidaries in Patiala, their material being 
derived from bluish, thin-bladcd, as well as short and thick crystals, 
found, usually in as^iation with ^cite, in the hills just west of 
Kamaul, the chief town of the district of the same name in Patiala. 
Deep blue kyanite has been described from the Badia region of the 
Dbaibhum subdivision of Slnghbhmn, and at KanjikovU, miles 
from Siitodu, in the Coimbatore dtsorice of Madras, there arc old 
pi ts presumably made In search of gem kyanite though their debris 
today only contains grey and bluish grey material. Blue, bladed 
crystals are said to Dt£ur near Saidapumm and near Chundi, both 
lo^ttics being in the NcUorc dbtrict of Andhra. Kyanite has 
the same composition as siilimanite, which under the synonym 
^ fibrolitc ^ forms one of the rarer gem stones of Mogok and of 
Ceylon. 

PERIDOT 

Peridot h the dear green or yellowish vari^ of olivine which is 
sometimes rcfeTTcd to as chrysolite. OUvinc itself, and Its name is 
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sufHckni ifidicaition of its cotour^ is an essential oonstituens of many 
basic and ultrabaslc igneous rocks^ and a member, in an inters 
mediate position, oranbomorpbousseries oforthorhombic minerals, 
the end membe^ of which are the magnesian silicate, forsterite, 
Mg|SiO«, and the iron silicate, la^'aiite, Fe^iO|. One part of 
iron to about eight or nine parts of magnesiimi re^ts in the green 
peridot, (Mg, Fc)^iO^. As olivine is unusually liable to alteration 
and decay^ generally mto serpentine, it is very lardy found in a 
ftob enough condition, or transparent enough, to be cut into gem 
stones. 

According to Mai Bauer, * the source of the chrysolite which is 
used tn the tnide for cutting as gems is somwhat ofauure, and both 
Pegu and the country of the Burmese are mentioned as localities 
for chrysolite, but the occurrence of the atone in gem-qualiCy here 
or in India, is by no means weU authenticated \ ^e greater 
portion of the world^s supply of peridot has for many centuries been 
derived from the Island of Zerberged (St John), in the Red Sea, 
where deep >'eiIowish-gricen atones occur in veins of serpentinized 
peridatitc. The gem has not been reported from India or Pakistan, 
out it occurs in some quantity in the gem gravels of the Bemardmyo 
valley, some ten miles north of Mogok, Burma. As it is a compara¬ 
tively soft stone, being $omew'hat softer than quartz, and as the 
pieces when recovered are only iligbtly rannded and stitl show their 
crystal outlines, it is evident chat they have not travelled &r. TTicy 
arc in fact derived from the peridodtes of the Bemardmyo area, 
of which three main eiposurcs are known. They arc medium 
to coarse-grained, holocrystaUii^ rocks consbting essentially of 
olivine with a sul»rdmate quantity of pyrqienc and occasionally 
a few grains of iron ore. Peridots have actudZy been mined from 
the decomposed outcrop of one of these baads which cuts across 
the mountain known as Mya Taung and runs northwards towards 
Pyaunggyatmg. Burmese peridots vary from shado of ydlowiah 
green to olive green, and large gems are cut from them m the 
^ step * style for the pendants of necklaces. When such stones are 
viewed tl^ugh the table facet, they display an apparent doubling 
of the opposite edges owing to the high double refraction of the 
mineral. 


CHAPTER XVI 

UNCOMMON GEM STONES 

Beudes the wcil^kfiown precioiu stono already described, there arc 
a niimber of other ndxteiaLs which when found transparent ar 
tranalucenC enough, and of a suJilciait si^ can be cut into gems 
distinguished by a beauty of their own, though they may not 
commonly be found in the jcswellcry trade- Others, again, have 
little to recommend them b^ond their rarity and are until^y to 
be seen outside the cabinet^ of glcm collector or the show cases of 
museums. A number of Indi^ minerals which have bees, or 
might be, used for such purposes are hriefly described be^ow. 

ANDALUSITE 

Andalusite, the orthorhombic silicate of aJurainium* Al^iO^ 
is a sister mineral of fcyani tc and sillimanite {fibroUte), which have 
the same chemical compositioti and both of which arc fbund in gem 
varieties. It occurs in nearly square prisms, has a vicrcous liistrej 
a hardness bctwrai that of quartz and topaz and a wide variety of 
colotm, Indudiiig greys, browns, greens and red or pink. Its 
dLchroLsm is perhaps its moat remarkable i^pcrty* Water-worn 
pebbles of greemsh shades from the gem gravels of Ceylon are cut 
and sold in Kandy aa alexandrite, the rare and beautihil variety 
of ehrysobcryl^ but they tack its capability to change its colour in 
artiBcLa! light. Opaque kinds of the minrial axe common enough 
La some parts of India. Rectangular prisms, up to four inches in 
length, cun be obtained la quantity at RalsindrI Pabar, m north 
Siogbbfauin, but they are full of opaque iacitisious. Along the 
sou thern slopes of the Bhiaura Hills, in north Hazaribagh, there are 
places where the local clay schists are so full of small crystals that 
their weathered surfaces are covered with an andalusite gravel. 
The schists and slates of the Mandan Group of nxks at Ma iian 
Barod, Tasing aud Mandaor, In aorth*wcst Alwar, Rajasthan, 
abound in crystals of andalusite and stantolito. Dudhi, in south 
MiraapuTj is another locality where 'rather fine crystals of 
andalusite * have been found. 

APATITE 

Apatite IS a phosphate of calciunt in which both chlorine and 
fluorine are usually present. It crystallizes in the hexagonal 
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systcnii generally aa pristas capped by pyramidal Ikees and, as 
as its gem varieties art concemed^ it may be bluCj violet, greca or 
^'dlow in colour- It suiTcrs from tbe fauJi of softness, is not partic¬ 
ularly durable as a cut stone for this reasorii and consequently is 
made little use of in jewtUcry. as it only occupies the fifth position 
between fiuodte and orthoclase feldspar on the standard scale of 
hardness. 

A remarkable, deep sca-greeu variety has been found at Devadap 
Srikakiilam district, Andhra Desa^ while at Kodur, in the ^ame 
district, beautiful, pale blue, rounded prisrns up to J ineh in length 
were obtainable* A lavendcr-csoloufcd though much flawed kind 
also came from the same place. Dull sea-green to olive-green 
apatite occurs very firequently in the pegmatites of Rajasthan^ where 
it is often mistakm for beryZ, and though somecimes cut as a gem 
Is really too soft for the purpose. An attractive blue variety is 
found as rounded pebbles in the gem gravels of Moguk, Burma, 
where it is cut and sold mainly as Ikt^tcd stones for necklaw* 
The dichnoLsm of apatite is feeble as a general rule, but the Burmese 
variety b exceptional in the twin colours blue and yellow. Accord¬ 
ing to Webster these stones also show an absorption spectrum 
consisting of fine lines in the green and blue regions which are 
attributed to rare earth elements. 

The uses of the commoner varieties of apadte m-e described 
under Phosphates. 


AXINITE 

hiany years ago a firm of jewellers in Calcutta submitted a 
specimen to the Geological Survey for determination which had 
been sent to them from Kashmir, where they believed it was 
obtainable in considerable quantities. It proved to be purple-^ 
brown axintte, in both granular and crystallized form, but no 
further information regarding its locality was ever obtain^ 

Axinlte is a hydrated botwllicate of aluminium, with varying 
amounts of calcium, manganic and ferrous Iron, crystallizing in 
the triclinic system, often in flali well-develcFpcd forms with the 
axe-like edges to which it owes its name. It is about as hard as 
quartz, possesses a wide colour range induding pearly grey, pale 
pink, d^k honcy-ydlow, dove-brown and plum^blue, is trans¬ 
parent to translucent and strongly dichrok, a property which adds 
to its apfiearance after cutting. 

AKimte was discovered by Griesbach, 7 miles west of Kandahar, 
and about 1 1 miles southni^ast of Rokoran, in Afghanisum, where 
it occun with catcite m veins traversing hippurltic limeatonc, which 
has been greatly altered by basic and syenidc intnisloas. Mo^t of 
Gricsbach'i spedmeiis were looted and only one reached Calcutta^ 
It is caystalline-massive, with small mdirtioct crystals and very 
pale pink to pinkish white in colour. 
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DAITOURITE 

Danburitfr ia a borosilic^tc of c^alciiim, CaB|(SiO^^ wbidi 
crystaJIlzcs ip the orthorhombic system in prismatic fomis greatly 
resembling some of those assumed by lopaa. It v^ea from 
colourless to pale yellow shades^ and i$ foimd at Mogok in the gem¬ 
bearing gravels as water-wom crystals which are very liable to be 
mistaken for topaz. It does not possess the highly perfect cleavage 
of the latter however, and its spc^c gravity is somewhat lower, so 
that danburite will float on methylene iwlide while topaz will 
sink. Originally discovered at Danhuryi Connecticut, U-S_A., 
roost of the yellow danburite, according to Webster^ now .cornea 
from Burma and Madagascar. 

Though it is outclassed as a gem stone by its more attractive 
sister, it has furnished some remarkable examples. One ma^gni- 
ficent stone^ which was found at Mogok, is now in the British 
Museum. Mr C- Herbert Smith dcscri^ it as * step-cut, per¬ 
fectly transparent, flawless, and an attractive wine-yellow shade of 
colour, it weighs carats, and measures ij by i inches in 

the girdle section and * 1 ^ inch in tluckness ^ 

DIOFSIDE 

Diopaide is a member of the group of monoclinic pyroxenes, 
prismatic in habit and a silicate of calcium and magncstui^ GaAfg 
(SiO,)b usually with some ferrous oxide leplacing magnesia and to 
which it owes its green colour. this is well developed in 

transparent oysials they arc sometimes cut as gems. The flne 
green spcciioais from Mpgok, which arc often chatoyant and 
produce * cat*s eyes \ also contain a small percentage of chiomimn* 
DJopside is prevaieiit in the calc-gncisscs of the Stone Tract, but 
It is abo present in certain ooarsc-grained contact rocks, where the 
limestone bar^is of the region have been intruded by veins of 
feldspar-rock and of gtanite^peginatite; from sources such as these 
the material in the gem-grav^ may have been derived. 

A pale to leck-gTKn variety of diopslde, known as malaoolltet 
has sometimes been cut for use in jeweUery, and the bands of 
irregular crystals which occur in the hornblende schists of the Kolar 
got&eld are worth further examination from this point of view. 
This also applies to the green crystals of coccolile (a closely related 
mineral) wmch crowd a crystallme limestone, 6 miles north of 
Vizian^ram, and to the green diopside, found with yellowish-red 
garnets in a similar rock, a miles nor^-^west [of Plirshot^mpur, 
Ganjam district, Orissa. Although diopside and its rarietics are 
widely distributed in Indja as the products of the metamorphism 
of dolomitic limestones and dolomites, it is unlikely that matcriai 
of gem quality is anything but very rare. 

Befone it had been fully mvcstigatjech the manganesc-bwing, 
monoclinJc p>Toxene bbnfordite was beheved to resemble violane^ 
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a violct-bluc variety of d iopsidc from Ficdmont, Italy. Blaqfordite 
has been found in manganese ore deposits at Ramdongri an d 
Kacharw-ahl, Nagpur district, Madhya. Ptadesh^ and at Jothvnd, 
Nanikot, Bombay, it is deep crimson in colour with a very 
striking pleodurDism in carmine, lilac and deep blue 
Crystals up to ^ inches in length have been found, but 
unfortunately it is often altered to an unpleasant chocolate 
brown. 

The massive, diopside rock of Idar, unique in India, and 
probably very rare elsewhere, is described under Decorative 
Stones. 

ENSTATITE 

Enstatite h an orthorhombic pyrtMccne composed of 

MgSiO|j amd with tittle ot up irorii it ij whit'C ip greenhh 
white in colour. As the iron content increases, the green colour 
bccomes more pronounced and various physical contents such as 
specific gravity and refractive indices increase. When the propor¬ 
tion of the iron silicate, FeSIO|, is greater than 15 per cent, enstatite 
passes over into hypersthene with a marked colour change to 
nearly opaque, dark greens, dark browns and almost blacL 
^nzite IS an iron-beiring variety of enstatite, greyish green to 
ohve-green and brown In colour, though the bronzy lustre which 
it sometimes possesses is not an essential feature. Schillerizatioa 
due to the pnsence of minute scales of Iron oxide, or of broofcite 
(ti^miim dioxjW| TTOj}, is very chaTOCtcristic of bypcrsthciie and 
la the renson why it is sooiccimes cut tn c^ochon^ when such incltulond 
impart an irideccat or spangled appearance to the otherwise dark 
surface of the atone. 

The minerals are common primary consdtuepits of various 
btoie and idtrabask rocks and tn certain membeo 
of the chamcKJute group^ but gem ^'arietics of any of them arc very 
raro. The first cosmtitc gems are seated to have come fi'om South 
they accompany the diamond in the * blue ground " 
of the Kimberley mine. They are described by G* Herbert Smith 
^ beautiful in colour but seldom fflceeding two carats in weight 
and con^uendy seldom enter the market he adds that larger 
pieces, though mfenor in colour, have been produced at Mogok, 
Bunna^ To this we may add that the neritci of the Stone Tract 
con^n hyperstheufi and resemble the coiMspmduig member 
of Ac charnocldie serica of southern India. In the rocks north 
of Qhaunggyi Konsan^ agaiiii the pyroKne belcmga to the enstatite* 
hypmthcne series, correspondi;^ to the p^TOxenitei of the 
chamodate seria. 

Specizzien stonci of the alEercd ezzstatit^ known as bastite, 

-CTccn in colouTi and analagouj to serpentine in composition, 
are al» said to have been found in Burma, and they too probably 
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EPIDOTE 

Epidotc!; is the beat known member of a famiLy of complcxp 
basic orthqsiiicates which abo induct zoisitp, ihuiite, piedmontite 
and allanite- They arc all similar in atoinic striicturc and related 
in chemical eoiiidtution. Zobite Is a basic sditatc of calcimn and 
aLiuninium^ CajAl,(SiO|)j(OH)* which by rcplaccmedt of part 
of the alumiiwnm by tron passes into qiidote, Ci,(Al, Fe)i{SiO j3 
(OH); with manganese as wdl as iron u^ngpart the maagaciiferous 
cpidote^ piedmontiEe^ is formed, while in ^laoite the rare eanh 
elcmicnts arc also present. ZoiBite^ thulite and piedmontiie are 
described under DECOitATWE ^osESi 

Epidotc iisdf crystallizes in the monodinic system^ in prisms 
elongated along its anis of symmetry. It has a vitreous lustre and a 
perfect basal deavage; though it may be yellowish to blackish 
green it generally possesses the unusual green of ihe pist^bio nut, 
a unique colour in the mmeral kingdom and one responsible for its 
altemative name * pistadte ^ TTus is not a popular shade and is 
said by Webster to preclude its use as a gem stone beyond the wants 
of collectors. Holden and Kmm, however* while admitting that 
pistacite does not have a wide appeal, state that it U not 
uncommonly cut in America+ Trajispareot stones are often 
strongly dichroic* appearing dark green in one direction and brown 
in a direction at right angles. It is harder than orthodase feldspar 
and rather Boftcr than quartz. 

It is remarkable that amongst the many recorded occumnocs 
of epidotc in India* where the mineral is common in many kinds of 
Archaean rocks, fine Crystals of gem quality do not appear to have 
been founcL Stoliczka writes of ihort prisms of yellowish and 
bright green colours in an epidotc rock of the Puga val lcyp Rup^u* 
Kashnm, and Sir Lewia Fennor of bcautifLil, t^hi green prisms 
noticeable in a ^ciphyre at Bichua^ Chhindwma, Madhya 
Ptadesh, but such ^oxt descriptions are not sufficient- The 
lenity of the browniahj yellowish-gTeen, translucent or nearly 
transparent crystals^ supposial to occur with corundum^ somewhere 
in Madras or Andhra, is not known. 

A pistachio-green to dark yellowish-green epidotc is aometimes 
found in water-wom piec« transparent enough to be cut into gem 
stones at Mogok, though its perfect cleavage renders it liable to 
flaws. The chromium-bearing epidotc, tawmawhe* described 
by its discoverer, W. G. Blceck, as ^ a new and distinct member 
of the epidotc group V comes from the vicinity of Tawmaw, the 
jadeit^Eolning centre in the Myitkyina district, Burrmu The 
French authority, Lacroix, prefers to regard it as chromojadeite, 
but Dt L- Chhibber, with a wide cxpcricmcc of the area, states 
that ‘ tawmawitc occurs in the contact ro^ at a number of different 
loc^tics, usually associated with the chrome^gartiet, uvarovlte^ 
This chromiferoiis epidotc has only been found in a massive State, 
hard and compact and of a beautiffil dark green colour. Its index 
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of rofr^doii^ cleavage^ specl£c gravity and chemical 

compoflidon prove that it really « an cpidote. It has a \xTy strong 
p!cochroism in cmcraid-green and bright yellow coloiiirs\ 

A handsome gnebsose rock containing large flesh-coloured 
cryst^ of onhoclasc feldspar and yellowish gttxn cpidotc, known as 
unakitc, comes frorri Srnghbhnm, and J. A. Dunn has listed varioui 
places in Ranchi district^ Bihar where ^ beautifully tinted yellow- 
gren cpidmites * could be obuuned for ornamental purposes^ Red 
aplitcs^ streak^ with pistachio-green cpidotti occur north of 
Beawar, in Ajmer*Merv™^, and about Dcsnri and Bljapur, in 
Jo^pur,. Rajasthan. ^ Pjslaci te-[jnartz schists, highly charged with 
epidotCj 50 JUCtimes with the mineral irregularly scattered through 
them after the fashion of garnets in a gametiferous schist, occur 
M^ecn Dasur and Tumoy^ m NelJorCj Andhra^ Near Pindj 
m Mewar, Raj'asthan, the chilled edge of a dolcritc dyke b associated 
with a vein of yellowish green cpidotc, quarti and reddbh idocrast 
In the Bcdlapr district of Mj^re* pistadte is the most remarkable 
mineral in the finer-grained gneisses of some localities, 
Whe« the rock b much T™thcred, as it often is/ writes R. B- 
country la thickly strewn with fiagments showing 
brilliantly yellow-green pbtacite, contrasting in a very pleasing 
iray with the red or hright-piiik feldspar.* Indian geologic^ 
literature contains many more examples of these and other types of 
occurrence of epidote* 


EUCLASE 

This rare silicate of aluminium and bcryliium, Be(AIOH) 
IUO4, ^urs iti the form of prisnmtic crystals belonging to the 
mon^l^c system. They have the same hardness as beryl and 
much same pale gFcen and blue colours as its variety* aquama- 
nne. lliey difilr, hoiwe^’^cr, in the possession of a perfect cleavage? 
parallel to the plane of symmetry, which makes them difficult to 
cut, Md to which they owe their name, from two Gnrck words 
rae^g /easily breaking** Rpgaiding cudase, G. Herbert 
hmith wnlcs: The lovely OTStab in which it 1™ been found 
are coveted for mineral collections and are worth mote than the 
stones which might be cut from them. Its crystals are most 
attractive to the eye, with their elegant prkmatie shape and 
numerous sme^oth faces/ 

« principal source of eucLase is the Ouro Pteto region, in the 
htate o 1 Goaes, Rrazih where it is associated with yellow 

topto in chlorite schist. Euctase of a pale green colour occurs 
with black tourmaline, kyanite^ minute red garnets and crystab of 
corundum or sapphire, in very co3T5e--graiiiied pegmadtes which 
^vt™ schistoae gneisses in the vicinity of the sapphire mines of 

umjani^ m K yhmir , but no descriptions of the mineral itself haw 
been published. 
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FIBROUTE 

The n qm" ‘ fibroUtc' was given origi^ly to the mincraJ now 
known as * tUliinaiiitc \ orthoihambic silicate of aluminium, 
AlfSiOj, a chemical composiiion wluch equally applies to kyanite 
and andalusite. Although it is a mineral of wide dismbution and 
one which is won on a large scale in India for leiractory purposes, 
clear, independent crystals of appreciable siae are very rare, and 
its use as a facctied gem was not recoKnizcjd before igao, though 
both in Burma and Ceylon it had probably been cut long before 
this date and confused with iolitc (cordierite). 

It was first i df"dfied in the British Museum together with 
eighteen rough stones, sent there fifom the washings of a ruby nune 
on a hill-side near Mogok. The woriced stone was a perfectly 
clear specimen, a little ova 4 carats in weight, transparent, flawless 
and of a pale sapphire-blue colour somewhat resCTobliog ioUte. 
The rough stones had the forms of rhombic prisms, considerably 
rounded, and when still more wtucr-worn, of elongated pebbles. 
They were from t to 1 1 cm. long by i to | cm. across, and on most 
of them the highly perfect pinacoidal cleavage was a prominent 
feature. In their orig^ matrix they had evidendy been perfectly 
developed crystals. They were dear and transparent and of a pale 
sapphn^lue, ranging in some spedmem to almost colourless. 
Singly pleochroic, the maximum colour was sera when dw 
cryst^ were viewed across the prism zone; along the verdeaJ axis 
they were colourless. Their hardness was ?!• Wgher than that 
usually given in textboolis, and a sharp comer readily scratched the 
face of a quartz crystal. Gem fibrollte of much the same habit 
eccura in (he gem graveb of Ceylon, though there the rough 
crystals tend to be etched and corroded. In addition to the pale 
blue, strongly pleochroic types characterisdc of Burma, Ceylon 
aim yields pale, greenish-grey stones, some of which, full of fine, 
straight lines, become translucent with a high d^ree of chatoyancy. 
They are, in foci* fibrolite cat's eyes and clowy resemble cymophaae 
(a variety of chrysoberyl) in appearance. The same opticaL cSbet 
u t o tn^ dpirit produced by the aggregadon of the fibrous crystals 
themselves. In this note we have drawn freely onDr L. J. Spencer’s 
descriptions of ihestones, and his paper must be consulted for further 
details of their physical constants. 

In both Burma and Geylon, gem fibroHte is probably derived 
from the sillimanite-bcaiiiig rocks of the Khondaltte Series, and 
their near identity with the Khondalite Series of the Vuakhapatoam 
district of Andhra raises the question of the possibility of the 
occurirace of gem fibrolite in that irgion too. 

HAMBERGtTE 

In 1912, the late R. C. Burton found a single crystal of this 
rare borate of beryllium, Be,(OH)BOj, togedur with cookette 
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(a mica^oiLS silicate of Litluuni and green and brcnvn 

tourmalLde, herylj eudasTi amblygoiiite and prchnite^ in, ooncen* 
Urates fh)m pits in the gmnite debris of die Kashmir sapphire miDcs^ 
which had been given to the Gt^lqgical Survey in Calcutta. Thiare 
can be no doubt ihac these minerals came from the local granite 
^gmadtes- Hambergite had already been described by Brogger 
from a pegmatite of alkali syenite in soulhttn Norwayj, and by 
Lacroix from pegmatites in central Madagascari and the common 
rcsciiAIancc in the three modes of occurrence is apparent. The 
use of the mineral as a gem stone is said to have been imkncm'ii 
until the la^e, colourli^ Calais were found in Madagascar. 

^ ■Hambtt^te crystallize in the orthorhombic syitem as narrmvj 
striated prsmsi capped with smaller^ pyramidal faces, h.qie a brilliant 
usjre and comes between i|uart2 and topaz in the scale of hardness* 
tu colourlcsSj trajisparcnt and clcaTj with a density of only 2*36^ 
b^ond Its ranty' it has no particular reconimcndatioiii as a gem^ 
though It possesses a large double refraction only esccceded by those 
of sphene and cassiccrite amongst mineral which have been cut as 
precjous atones. 

IA2ULITE 

This deep bluc^ nunor gem stone was first recognized in India 
in a col^uon of nunmls sent to the Geological Survey in 1S83, 
by the then Resident in Kashmir. La Touche was given a few 
more spcctmAig of a dark blue colour while at the sapphhe 
muies ^^ in 1887, and they apparently came from a very in- 
^coc^blc loeatioxi two or three days' journey firom Gulabs^hj 

LaziiLtc is a tr^Jisluccnt, aruroblue* basic phosphate of 
magnenura ^ aluminium, MgAl (OH)* (PO J*, in which varying 
amounts of ferrmw iron may replace the magnesium. It should 
not be confiised with la^uritc (lapis lazuli) with which it nothing 

in common excqit its intense blue colour. It crystallizes in the 
monociiaic system, usually in acutely pyramidaJ fonnSp which 
isplay a deep blue colour when viewed along one axis and a p^^ 
greemsh blue along another. It is somewhat brittle and rather 
sorcer th^ orthocl^ fddspar, and as Car as India is oancemed 
Has only been obtained in compact massive and granular forms up 
to the present time. 

On Bhamasur Hill, in the Bhandara district of Madhya Pradesh, 
ihcie ^ a schistose quartzice with bright blue streaks and bands and 
a undant ays^s of whidsh, light greenish and grecniah blue 
cmoiOT The blue Mnstituent was originally and provisionally 
regard^ by SJr Lewis Fermor as sapphirine, a translucent* clcep 
^ ue silicate of magnesiuzn and aluminium, which occurs as grains 
m cmam rodti of the Viakhapatnam HiU Tracts of Andhra, 

It was p,^ la be lazulite by W. A. K* Christie. Chonist 
to me theological Survey at the time. The accompanying accessenr 
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mineral, which Fermor tboiiEht mighi be enstatite, proved to be 
cither kyanite or clinozoisite, 

PHENACITE 

Phcnaciic, the hcxagorial silicate of bcrylUuni, Be^SiO*, well 
deserves its name, which is derived from the Greek and means 
■ a deceiver % for it is quite easily mistaken for rock crystal. It is, 
however, somewhat harder than quartz and h» a higher mean 
refractive index and double refraction, but its dispersive power is 
poor and it possesses Utile fire. 

It is one of the rarer gem niincrals of the Mogok Stone Tract 
where it has occasionally been cut into rather large, facetted, colour¬ 
less somewhat brilliant, lustrous stones with a distant resemblance 
to the diamond. Phenadte also occurs as very imnuic c^st^ 
in the eangue of the cassiteritc-wolftam lodes of Mawchi, m 
Karenni, Burma; but this is not surprising as beryl is abundant 
there in some parts of the mine, and locally constitutes the greater 
part of the lode matta^ial, usually as coarse, oystalUne a^egates 
of the typical pale blue shades. 

rutile 

Ruule, one of the narural forms of the dioxide of titaaiu^ 
TiO-, b widely distributed aa an accessory mmerai in many of the 
civsmllinc rocks, but such occurrences are of no mterest to the 
lapidary. Its crvjtals belong to the tetragonal system and its 
co^on habit is prismatic with pyramidal tommatioro; frequenUy 
found in geniculate twins, it is translucent to opaque with a me^iic 
to adamantine lustre, a Ikirly good prismatic cleavage, a bai^ca 
between that of orthodasc and quartz, and of red and reddish 
brown to black colours, though green and yellow varieties are al^ 
known. Its refractive indices are voy high, and it has the remark¬ 
able double refraction of o-aSy, that of Iceland Spar (ca^te), 
■which is usually taken as an example, being o* lya. Rutile b also 
e K^^pfional in having ‘ the phenomenal dispersion (" fire") of 
approximately 0*3, over six limes as great as that of the diamond 
{rT Webster). Yet the mmera! has only very occasionally been 
119^ as a gem stone, the green variety being the one most favoured 

for the purpose. , . , . ^ r j .-.j 

P. N, Bose found rutile m large pieces, but ol unccscribea 
quality, near Ghataahcr, Namanl district, Patiala, and S. K, 
Chatterjec noticed brick-red crystab in schorl rocks at Mogra and 
Pohra, in Bhandara, Madhya Pradesh. Hackett described thin 
quartz veins carrying white feldspar and lutUe, intersecting quart¬ 
zites in the Motidongri ridge, a short distance south of AIwm, 
J. A. Dunn states that rudlc is common in the mica 
schbU of Lapsa Buru, Khanawan, SiDghbhum, and that crystals 
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Up iQ two inch^ in leng^ may be obtained on the scuth-wnt side 
of the South Hill there. Scattered cryatab may abo be found cloae 
to the kyanlte deposita near Salbani, in Manbhum. In the absence 
of fuller descriptions it cannot be stated that any of these occur¬ 
rences will furnish matcrlaj of gem grade, but the reddish brown, 
rolled pebbles of rutile from Mohynin^ in the Katha district of 
Burma, are probably suitable for cutting. Rutik is now made 
synthetically, by the sarne methods used in the production of 
artificial corundum and spinel, and c ut stones with the same remark-^ 
able physical constants are available on the market in a wide 
range of colours. 

Ro^ crystal, smoky quarto and amethyst sometimes contain 
fine nbra of rutile m thin, acicular^ hatr^llke crystals and &re cut 
and polished for or^entai purposes, Exoellcnt examples of the 
demand smoky varieties come firom unknown localities in Kashmir. 

Granular rutile occurs tn the beach sands of Travancorc and Is 
recovered on a large scale together with ilmcnite (see TrrAKtVM). 

SGAPOLfTE 

Amongst the misceUaneous stones displayed In the gem Eiazaar 
at Mogok, there used to be^ and probably still arc, cahitikon cut 
moomtones ^ with an unusual but tnunistakablc blush of pale 
pink. These wtsre first recognized as scapolites about 1913 and 
in later years supplies have become available from both Brazil 
and Madagascar^ 

Scapolite Is of varied compositiorip as the name Is loosely used 
^ any of the intermediate menibers of an isomoT'* 
varying in composition between marialite, 
3 (NaAiSi* 0 ,).NaCl and mcaonite 3(daAl^SitOJ.GaGOs. They 
all Crystallize In the tetragonal system, generally as transparent 
to nearly opaque prisms tenmnated by pymmidal fac^ with a 
vineDUi to pearly lustre and two distinct cleavages paraUd to 
prismatic faces. In colour they are yjmaUy white but may assume 
faint shades of red, yellow, green or blue. 

Burmese stones are ^und as rough crystals and waitr-wcHTi 
pcobJcs in me gem gravels, and when cut m cabxfuin yield white, 
ye^ovv, pink and violet-^blue colours which are often chatoyant 
^nd provide cat's eyes of considerable attractiveness. This effect 
to be due to the inclusion of mlcroscopM: rod-like cavities, 
i fteir ^dnew is about equal to that of cmhoclase feUUpar. Their 
retractive indiw are moderate and their birefringence weak, 
^aenon and Payne have shown that violet scapolite cat*s eye» 
are strongly dichroic, in dark blue and pale lavender 

i and they possess an Indistinct absorption speetruin of 
^i^ium. The constants of these stones agree with those of a 
n ' ^termediate compose lion to which t he name dipyre 
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The exact sotiroe of these gcni scapolitei Is not definitely 
but the ealc-gmntilitcs around Mpgolt ane scapoUte-bearing; 
pyroicene-scapolite gneisses also occur^ especially about Bemardmyo^ 
while at Myo Taimg, much nearer Mdgok itself^ scapoUte is 
developed at the contacts of pegmadtes and crystaUine Limeatones. 

SPHENE 

Spheue, sometinics known as titanite, is a silicate and dtanate 
of calcium, CaTiSiOgj which derives its name firom the w«ige- 
shaped habit of its monoclinic crystals (Greek: a wedgej^ 

Its transparoit varieties in brown^^ reddish brown, yellow and 
greenish colours form gems of splendid appearance when cut, for 
it has outstandiug optical properties. It owes its adamantine 
lustre to a high refractive indexi and its ^ fire *, which is greater 
than that of the dlamondp to its strong dispersion^ It is also 
markedly dichroic in contrasting lints of yellowish green, reddish 
yellow and colourless, corresponding to its three principal optical 
direcdona. Bui it has one great defect, for its hardness is only 
about 5 on the standard scale and, as in the case of a^tite, this is 
too low for a cut stone to preserve its edges or its polished stirTace 
under ordinary conditions of wear and tear^ 

The small crystals of sphene which occur sparingly as consti¬ 
tuents of many igneous iwks are of no interest to the gemniol<>gist| 
Urge ones are said to be found in gnebses, chloritic schists md 
crystalline limestones. tAige and l^utifu] crystals, of a variety 
containing a noticeable percentage of the cerium earths, come from 
an unknown locality in Rajasth^. Greenovite, the manganese* 
bearing spbcnc^ occurs in dark brown prisms, up to nearly J inch 
in lengthy with spe^artite and bbnfordite, in a vein of pink feldspar 
at Joihvad, Naritkot, Bombay. These crystals are transparent and 
picochtoic in shades of yellow-green and a pale, warm brown, 
the two colours being of equal strength. 

STAUROLITE 

SLauroUte is a complex silicate of ferrous iron and aluminium, 
the formula of which may be ^(Al^iOs) Je(OH)|, thou^ part 
of the iron is often replac^ by magnesium. Some miueralo^Es 
regard it as a near reiadye of the rate gem stone komerupine, 
known in Ceylon and probably sdU to be found in southern Indi^'^ 

It forms prismatic, reddi^ brown, yellowish and brownish 
black crystals, often in cmcifomip interpenetration twins, set 
approximately cither at right angles or at an angle of about sbtty 
degrees, to which it owes its name (Greek: stmr<ts^ a cross). It has 

^ Brisks green komempuu laf gem quality wai reponed tmm Mogtak, Biurnu^ 
in December 1954+ by C. J. PiLyne jTif XXITI, pp. at^-19). 
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a mlnous to vitreous lustre when pure ^which is very rarely the 
case)i a poor cleavaK and a hardocsi between that of quarts and 
topaz. Itfi mean rehaettve index is fairly high and its plcoehrolsm 
very distiact red and yellow to grecn^ but the colours change 
somewhat with the composition. 

ComniHOn scaurolitc is very prevalent in certain crystalline 
schists of Rajasthan^ Singhbhuin, north NcLlore and elsewhere and 
many examples of its abundance could be quotedj hut it can only 
be used as a g^m stone when suSciendy clear and then^ after 
suitable cutting, its pleochrolsmt visible in ardinaiy lights is said to 
be very striking. It may be Uiat the pale straw-colour^ crystals 
of Gb^dih Hull in Dhalbhumi or the deep red on^ described by 
B. C. Gupta as occurring m the central belt of the Aravalli System 
of central Mewar, Rajasthan, contain some suitable material. 
The crucirorm twins are sometimes polished and worn as amulets 
and sacerdotal ornaments but they are of litdc value. 


CHAPTER XVII 

SEMI-PRECIOUS AND DECORATIVE STONES 
CHALCEDONIG QUARTZ 

Agate and camclian, with thtir DumerDiu relativni are forms of 
chalcedony, the translacem mixture of cryptocrystaJIine si l i ca and 
amorphous hydrated silica (opal). Beads of beaudfuJ workman¬ 
ship, dating from the third nullennimn b.c.» have been found on a 
number of prehistoric sites in the Punjab, Sind and Balachistanp 
fashioned from agate and agate-jasper^ camclian and onyx, blood¬ 
stone and grem chalcedony* Multiple strings of such beads were 
used In a great variety of patlema as necklaces and girdles by the 
hidia of Harappa, Mohenjodaro and other contemporaneoia 
cities and towns. At Cbanhudaro, a bead-maker's worksh^ has 
been excavated revealing the technique employed in those far-off 
tinues to shape, bore, polish and etch the long barrd^ha^, 
tubular and btcoiucal bc^ds of carncliiin and simil^ stones* Th™ 
finds antedate by more than 2,000 years the reference of Ctesias 
(the Grc^ phy^cian at the Persian court of Artaxerxeg II^ who 
succeeded to the throne in 404 b-c. and died in 356 to India 
as the source of the stones, or again that of Herodotus (c. 4 B 5 - 5 S 
B.c*) to the fact that the Romans obtained said and onyx from 
India for their finger rings. In Uter times still both Pliny (a^d. 
33-^79) and Ptolemy (a.d. 9(>-i6B) mention localities whence 
the Indian stones were derived. Gups of Indian onyx and camclian 
were &Lmed amongst both Greeks and Romans; indeed her semi^ 
precious chalcedony, exported since the earliest times, has spread 
aertssa the world to an extent which is not generally retU^ecL 

The main original sources of the stones are the amygdaloidal 
lava 0 OWS of the Deccan and Rajmahal Traps. In some parts of 
the Deccan, the surface is strewn with their geodes and nodules 
left after the weathering away of their enclosing rock, and in 
certain locabdes extensive of gravel and coiigioiiimte of 
Tertiary and sub-Recent ages cxbtp made up almost entirely of 
watcr^wom pebbles of agate and chalcedony * Collected fiiom such 
deposits or from river beds draming thim, the stones reach the 
lapidaries in such centres as Jabalpur, Banda and elsewhere. 

Until the beginning of the seventeenth century limodra, m 
Rajpipla, was the principal centre of ag^tc cutting m wr^tem 
India, but subsequently it was superseded by Cambay, in Gujerat, 

6rSl 
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until about igiB when the industry became moribund. Although 
other regions contributed their own special varieties of stones to 
its craTtsmen, the bulk of the matCTlal reaching Cambay came 
from Ratanpur and other places in Rajpipla, some 70 miles to the 
south-east. The date of the commencement of agate mining 
hereabouts is not known but the first authentic recordsj according 
to P- N- Bose, date from the end of the hheefith or the beginning 
of the sixteenth century when an Abyssinian named Bawaghori 
whose memory is still honoured by shdnes in Limodra and Cambay, 
established a workshop at Limodraf within four miles of the nearest 
agate mines. At the same time the mins of Limodra testify to its 
having been a town of some impomnee as carZy as the commence¬ 
ment of the eleventh century. Thus the workings must have been 
in existence long before they were referred to by the early European 
travellers including Yarthcma {between 1503 and 1508J and 
Barbosa (about 1514). 

The Cambay agate trade did not csKipe the attention of the 
astute French jeweller Tavernier in 1651 ^ while HamUton in 1737 
listed the various products of the Cambay tapidaiies. From that 
time onwards many accounts have appeal, the most imponant 
being J. M. Campt^lPs * Account of the B^jpipla Cornelians % 
pubilihed in 1880. 

From the combined work of three olGccrs of the Geological 
Survey of India, W. T. Blanford (1867), P. N. Bose (tgcB) and 
M. R. Sahnt it is now known that the stanes, locally knawn 

as occur tn gravels and conglomerates whdeh are probably 
of Miocene age, that they were obtained by sinking temporan^ 
pits 25 to 60 feet in depth, and that these were located mainly in 
the Ratanpur-DamJai-Dholakuva area, approTtimately 2 to ^"miles 
east and south-east of Limodra. It is to be noted that only the 
fciTuginous portions of the conglomerate yielded stones of ^^ue, 
and that good specimens can stilJ be collected in the fields and river 
beds and on the hiU slopes over the further extensions of the same 
Tertiary rocks. 

As the stones came from the pits they were dull objectSj mitky 
white or grey> brown to buff or yellowidi in colour; after a prelimi¬ 
nary chipping to remove their outward sktns^ to eliminate worthless 
specimens and to separate the more valuable onyx, cat*5 eyes and 
the yellowish, [Hdlucid citrine, the remainder, now normally one 
to three iiicb» in diameter, were taken to Limodra. Here, afia" 
exposure to the sun for two or three months, they were fired. The 
effect of this heating was to mm cloudy brown and yellow shades 
into clear bands of white and red and also to intensily oran^ tints 
into reds; the hue of the red camelian so obtained might ran^ any^ 
where between the palest fiesh colour and the deepest blood red; 
the latter variciy w'hen fre* from cracks and flaws being the meet 
highly prized. From Limodra in the old days the stones were taken 
down the Narmada to Broach whence they were ibipped to Cam bay. 
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In the bryday of the Cambay trade, about the middle of the 
nineteenth century, about 600 families of skilled workcre and (bom 
500 to 600 labourers found employment in it. An elaborate guild 
or pancht^ai system existed, each concerned with some particular 
group of operatives; thus the workers on the bpidaries* whicl, 
the fillers, the polishers and the dealers each had thdr separate 

““ton. . „ , . , I 

The Chinese, Arabian and European markets al^rbed most of 
the production. The former demanded camclian omaments 
soldy, flat Stones cut into ovals and squares to be worn as armlets 
or dr«^ decorations, and necklaces of polished round beads. For 
the Arabian ir^e ring stones, necklaces, rosaries, wristlets and 
armlets of agate, camclian, cat's eyes and bloodstone were made; 
the ne c kbr e brads being diamond-, almond- and spear-headed 
shapes; the wristlet stones either flat or cut into fanciful shapes. 
A great variety of articles were made for the European markets 
including slabs for boxei and hdaid table tops, cups and saucers, 
chwmcn, flower vases, card, letter and pen racks, watch stands, ink 
stands, knife handles, ruleis, paper knives, pen holders, necklaces, 
bracelets, brooches, paper weights, knitting aecdla, sWrt studs, 
ring stones and specimen rough stones polished on one sitfe. 

The output of stones from the Rajpipla mines, which were 
farmed out by the State, used to vary between 100 and 500 tons per 
ni'T'iin They were closed down in 1917, but yielded >48 cwt. 
again in toag. Small-scale and probably surreptitious operaiiotu 
probably still uke place from time to time; for instance. Dr Sahtu 
found * heaps of fnahly dearusted agates ' lying in the neighbour¬ 
hood of the Ralanpur pits in 1943. , . _ . 

Although the bulk of the matertal m Cambay came from 
Ratanpur other places also supplied their own specialities. ^ These 
included veined agates from Ranpur, in Ahmcdabad district, and 
blotxlstone, or heliotrope, and moss agates from various places 
around Morvi, in Saurashtia. The bloodstones are subtranslucent, 
dark green chicedony speckled with red; the moss agates pale grey 
or whitish, perfectly translucent stones, through which the delicate 
tracery of a dark green mineral {glauconite?), sometimes turning a 
reddish brown, simulates moss-like growths, 

Onyx, with straight, even, parallel bands of grey white, 
black and white, or translucent brown and white colours is common 
at Ratanpur and both it and the banded red and white sardonyx 
are to be obtained in Jabalpur. Sard, the yellow or brown camel Urn, 
occurs at Ratanpur and elsewhere- The common white chalcedony 
of the Deccan Trap sometimes passes into the tiansluccni bright 
green plasma, or the apple-green variety known as chrysopraie; 
by gradations of tint the dull, leek-green prase Is formed which 
passes in its turn Into bloodstone. Occurring with them are many 
1f;nd< of jasper, the impure, opaque form of cryptocrystalliiic silica, 
either single-coloured or banded, ideal stones for seals and signet 
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t cWk greens, brilliant reds and brigbi yellows are the com¬ 
moner tints. 

The term * jasper *, as geoeraUy used by Indian geologists, 
nfers to a rock rather than a mineral species, and banded rock 
jaspers are common in the Dhanvar and Bijawar ronnations 
throughout the peninsula. Pebbles derived from them are 
common in river beds. Only one rclerence to many scattered 
through Indian geological literature is possible here. Near 
Timappaghar, in the Sandur taluk of Bcllary district, Mysore, then; 
arc great clifib, 300 to 4D0 feet in height, formed of banded jasper- 
haematite of vivid red and purplish grey, or greyish brown r m f. ; 
in stri^, often otquisiiely vandyked. The jointing is rectangular 
and blocks from a Boot cube to some cubic yards in bulk could 
csisily be quarried. Bruce Foote dcscrit^ it as a most richly 
coloured rock whicb even in the rough formed a material of great 
beauty. 

^ Of unusual interest amongst the chalcedonk stones is the 
* pagoda stone * of Burma, a semi-transparent, greyish white onyx 
which occurs only in certain particular beds of amygdaloid lava 
flows from Popa, the eatinct volcano of central Burma. When 
cut traiuversally, the truncated bands exhibit a realistic outline of a 
Buddhist pagoda in miniature and then bring prices &r beyond 
tho« obtainable for any other form of chalcedonio quartz of 
similar size. 


OPAL 

^ Opal is a form of amorphous hydrated silita, SiO^iiH-O, in 
which the percentage of water is usually less than ten Altfaou^ 
its asw is derived from the Sanskrit apala, or ‘ gem the precious 
varieties of opal, including those with a characteristic play of 
coloun, Md the flaming red ‘ fire opal are not known to occur 
in Inma, Fakutan or Burma today. Ir is true that Mallet 
very fair specimens of precious opal in 1886 which he had reason to 
beW came from the Deccan Trap, and that earlier authoritiea 
stifl wTite of specimens ■ partaking of a reddish fiery effulgence» 
of others aj * nuib-opsi with a ftpime^oJoiLred 
tiBgc ia trammitted light % from the Poona dktricc of Bombay; 
yet the ^t roziaim that all the bter reference* to thhi ^tone are 
concmied with coDUdon opa! or with one or other of it* numerous 
rntDOihcation*. 

. ^ prevaaent in pans of the Deccan and Rajmahal Trans 

la which It ts round as nodular amygdtiles of varying siiesi usualiy 
tttto as opaque milky white or translucent bluish white types. 
1 he ti^parwt, glassy variety, hyalite, has also been report^ to 
occur m si^l amounts, while the opaque porcellanoid cacholong 
UMt utUmown. Opal b not infrequent in manganese me 
“sunw: shades of brown, p^gmn and 



C^VITALLIHE Q^UARTZ 625 

CRYSTALLINE QIJARTZ & ROCK CRYSTAL 
The semi-precious forms of crystalline quartz found in our 
countries include rock crystal and rose quartz, cairngorm aitd 
smoky quartz, citrine or ycUow quartz, the cnaioj'ant variety known 
in the trade as cat’s eye and amethyst, Aventurine ts best included 
here although it is really a quartzite. The use of rock crystal ^ an 
ornament in India dates from the prehistoric copper-age t^cs, 
for herds fashioned from the mineral have been found tn tombs of 
this period In Bihar. From the time of the Maurya dynasty 
(332-185 B.C.) onwards, rock crystal urns and caskets, vases and 
pitchers have formed part of the royal treasures of Indian emperon. 
Today, however, rock crystal has assumed a new importance tran¬ 
scending all i« earlier applications and dependent on its unusual 
piezoelectric properties. When quartz crystals are subjected to 
pressure in the direction of any one of their three axes 
of binary svounetryr electrical charges are developed at the ends 
of aiesr conversely, electrical charges applied m such 

directions cause the crystaU to expand and contract, and wath 
alternaiing cmxents the crystal is set into mec^cal wbraboa. 
This power of maintaining a constant rate of vibration has Icd^to 
the use of quartz oscillatcw plates to stabilize and control fiequcnciu 
in radio and television transtiussion, and in telephone and cable 
equipment, where they peimil the simultanwus t^i^sion of 
niny independent messages ovw the same win. In ^dition to 
their uses i^lephonc filten and resonators, they an mdispcnsable 
in radar work, depth-sounding apparatus and acoustic anti- 
submarine de^ncca. They also find a place m t^ious t™a of 
quartz clocks which keep correct time to a few hundredths of a 
^ond per month, in range finders and in instruments for measuring 
pressures, as, for example, in gun barrels and aircraft eng^es. 

The last war led to a phenomenal demand for quartz crystals 
for atrategical purposes and it was met mainly from Brazil, whence 
the exports in 1943 reached a peak of 3,372 tons; in the same year, 
to give some idea of their applicability, the production of ptezoclcc- 
triad devices in the United States of America alone amounted to 
over 14 million small gacillators, nearly 8^ million large oscillators, 
more than 65,500 telephone oscilUtons and over 24,000 units of 

detection equipment. . ,. „ , . 

Only the finest rock crystals are suitable for these purpose and 
thet- must be free from cracks, fiaws, irregular growths and inclu¬ 
sions, as well as from both optical and electrical twinnu^. No 
sources of such ciystals have yet been found in India, Fa^tan or 
Burma, but there is always the possibility of their discovery. 
Though it is now practicable to use smaller crystals than formerly 
for some types of work, they should not be less tha^ inches in 
and of flawless quality. Among localities deserving 
further search is a belt of country about 25 miles long and 5 miles 
btW, to the south of the Basipara-Hatibara-MegbpaJ Hills, in 
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Sambalpur^ Onssa. Some of ihe Brazilian malcnal comts from 
pegmatite vtiiM, and quartz crystals from the mica^bcarlug pegma¬ 
tites of Bihar, Neliore and Rajasthan, as well as those &om the 
great pegmatite t^ein at Sakan^ip Katha district, Upper Burma;, 
are worth further examiciation from this potnl of view. 

From the Sakangyi pegmatite etionnous rock crystals have 
been obtained; three of these were sold in Mogok about 1923 for 
weight being nearly 11 tons. From one of them 
a clear ^hcre of ncick crystal, isf| inches in diameter, now in the 
United States National Museum at Washington^ is believed to 
have been made* 

Rock crystal is cut for cheap jewellery in both Madras and 
Kashmir, and from unknown localitiK in the lallcr come cxcdlcnt 
crystals of smo^ quartz which are often pierced by fine adcuJar 
crystals of rutile- The small, doubly terminated, limpid rock 
crystals from the gypsiun of die Salt Marl, near Kalabagh^ On the 
Indus, in the Mianwali district of West Pakistan, arc collected and 
sold to be made into necklaces. Disused rock crystal quarries 
exist at Nawai^ in Jaipur, and at Hathima, in Tonk, Rajasthan. 
Pebbles of arndJi^-stine quartz p smoky' quartz, citrine and caimgonii 
of clear sherry yellow to dark bro™ tints, weathered from a plateau 
of Cuddalofe Grits^ occur on the surfac^^ and in the beds of local 
streaim, near Vellum, tn the Tanjoft district of Madrpis, and at 
One time formed the basis of a stoneKrutting industry there engaged 
in the manuJacture of broocb» and other useful and omameutal 
articles. Fine quartz cat*s eyes eihiblting the opalescence or 
chatoyance of the true cat's eye, a variety of ci^^sobciyl, come from 
the Malabar Coast and from Rajpipla, Amethyst^ tl^ purple to 
violel variety of rock crystal, occurs rather rarely in drusy geodes 
of both the Deccan and Rajmahal Traps, as, lor instance, with 
chalcedony in the basalts, a miles west of Burhait, in the Sanial 
Parganas. The stone has also been reported from several places 
in the Sudcf valley of Bashahr, one of the former Simla Hill States, 
from the Nellorc mica belt, from Kan^>'amp in Coimbatore, and 
from surface detritus near KoUeugode, Falghat taluk, h^Ldabar. The 
coburing of Indian amethysts is ofren uneven, patchy, striated and 
zoned but better stones without these defects have been seen aE 
Mogok, Bnnua^ Massive, transparent to translucent rose quartz 
is obminable in large quantities from co^cain localities in India, 
especially in regions where manganese ores are fou^. *When 
suJSScicntly dear and transparentp^ writes R* Webster, * which is 
rare, rose quartz makes a fascinating gem and sevTfal specimens 
mounted in jewellery arc known, but most rose quartz Is used for 
small carvingSp figurines and for pendants and STn.-ill ohjfl$ if art*" 
Associated with many of the pegmatites of the Bihar mica bdt 
there is abundant rose quaxtz of translucent pint and rose colours. 
When polished this materjal assumes a most pleasant depth of 
texture. It is eminently suitable (be carved ornaments or for small 
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decorative panels, and is particularly plentiful in the mica Tiling 
to the north-east of JParsabad, but both here and elsewhere h is 
thrown away on the dump heaps. In the Xlogra syaclinorium 
of the Chhindwara district, Madhya Ptadesh, row quartz is so 
prrw'alcnt that, according to Sir Lewis Ferroor, lar^ quantities 
could easily be oollccted. In the same district, at Kh^i, there is a 
quartz vein 25 feet in width, which in many places contains material 
of pink to deep row shades in the rdiiii^ translucent to milky 
white quartz. Again, on the Dudhara Hill, also in Chhindwara, 
loose blocks of amethystine and pink quartz are obtainable. In 
the manganwii* mines at Kodur, in the Srikakulam district of 
Andhra, pale violet and pale reddish vein quartz has been 

found. , 

jiSav Bauer in his work on Precious Stones writes: Fine 

specimens of aventurine are occasionidly met with in India, but 
nothing definite is known as to their mode of occurrence or the 
exact locality, A very pretty, green, glistening variety fi-om the 
Bellary district of Mysore deserves mention; the scales of mica 
enclosed in it are of the green chromiferous variety known as 
fuchsite, and the mineral itself occur! in blocks jrom which slabs of 
considerable size can be cut.' This green quartzite actually 
occurs in a low ridge a few score yards south-east of Metri* 
on the road between Daroji and Kampli, Bcllaiy district, 
Mysore. A uniformly rkh bluish green quartzite is found near 
Bcivadi, Hassan district, while a banded green variety otaaiis near 
Sindagere, about three miles north-west of Belvadi. Green 
quartzites of Dharwar age are also common in the Beiuibclta 
ridge, the Karayanbetta Hill, and other localities in the Coim^rorc 
district of Madras. Five miles to the south of Kandukur, in the 
Ndlore district of the Andhra State, there is a glassy, large- 
grained quartzite of a delicate pde, aquamarine-gt™ colour 
ba nded with discontinuous laminae of a diKp purple dnt. Bruce 
Foote stated that if cut and polished this stone would be of quite 
extraordinary beauty for decorative purposes. Green quartzites 
c o ntain ing chrome-vanadium muscovite form two parallel ridges 
pacing through Mahalgaon, Bhandara district, Madhya Pradesh, 
according to S. K. Ghatterjee. It has been slated that green 
aventurines of t h^ typt^ xre esteemed in China and are sometimes 
used as substitutes for jade and jadeite, but specimens from southern 
India given to jadeite cutters in Tengyueh, Yuiuian, excited little 
interest on account of their brittleness. Dr A. M. Heron has 
described smooth, pale and dark green, ovoid beads, sold by 
jewellers in Rajasthan and Kashmir as * b^l ’ and * jade ' respec¬ 
tively, which on examination proved to be fuchsite quartzite, A 
similar material, after treatment with a suitable dye, passes as 
* pink topaz '. A vase fashioned from a green mica ro(^ has been 
found at Mohenjodaro. It is apparendy pure fuchsite and is 
stated to be not later than 9750 b.c. 
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ORNAMENTAL FELDSPARS 

Large crystals of the beautifwl bright grten^ opaque or very 
slightly trajisluccnt variety of mkrodine, a f^tassium aliiminium 
slUcatCj knov^Ti as Amazon SionCj occur with pink and blue tounoa- 
linca in the druses of a eavemous pegmatite^ two oiilcs south of 
Domchanch^ Hasaribagh* Bihar. It has also been found in the 
Lak&hminarayanat Kubera and a few other mica mines in Ncllore 
district^ Andhra State, In other countries this feldspar is utilized 
for cabwhooSp beads and pendants, but it does not appear to have 
been cut in Indian. 

Moonstone is the most important scmi'-preciDUS member of the 
feldspar group and its characteristic sheen, or sdullerf is caused 
by the reflection of light from tts microlaminated strncturc, usually 
but not invariably of orthoclase and albite^ Ceylon is the chief 
source of supply and for many years the mineral was won from 
Icptynites of the Khondalite Series, in the Dumbara district of the 
Central Province. More recently the crude material has been 
ohiamed from kaolinized pegmatites near Ambalangoda, in the 
south-west of the Island. Such conditions are doubtless to be 
found if sought for in southern India, indeed a moonstonc-Uke 
opalescence frequently characterizes the feldspars of the more 
coarsely crystalline chamockites. At some locmities in the mica 
belt of Bihar, near Bagjunt, in Hazaribagh, for instance, the 
feldspars of the pegmatites have the same appearance and 
might be utilized for cheap jewellery* The augitc^iorit^ of 
the Lar Koh, Ghagai dListrict, B^uchistan^ contain 
crystals of oligoclase which, according to Vredenbufg, * exhibit 
a beautiful blue iridescence similar to that of some varieties 
of moonstone % 

Moonstone is plentiful in the Ruby Mines Tract of Upper 
Burma, indeed a large pegmatite vein several feet thick is composed 
of quartz and orthodase with an unusually remarkable schiilcTt 
and was formerly worked for moonstone on the Myo Taung, 
4 miles cast-north-east of Mognk- Again, the feldspar crystals 
of one type of the augite syenites of the Kyaukthinbaw Taung 
possess a beautiful moonstone schiUer. Watcr-w^om atones come 
from the gem gravcLa and cut Locally cn cab&chon often exhibit the 
much prized, lovely, bluish bloom which diatinguiriies the best 
’^'urieties of the stone. The ydlow or orange coloured orthtjclase 
feldspar, kno%vn to the Burmrae as skm myaw^ or golden moonstone, 
also furnishes attractive specimens. Wadia and Fernando, wTitUig 
of Oylon moonstones, state that those with a sky blue to deep blue 
Schiller are the most Suable, follow^ed by bluish white kinds and 
then by a third group with a silky to pearly white sheen- The 
stones arc always cut m cdfocfwn and the beat effect is not obtained 
unles its base is e3iactly parallel to the laminationH Blue, iridescent 
varieties of the plaglodase feldspar, labradorite, derived from the 
local syenites, are also occasionally cut for sale in Mogok. 


Murcbisontte i* a variety of orthociase feltUpar 'which sonie- 
n~Tnf< fonm thick beds and seanu of massi've and granular kinds 
in the gametirerous feldspathic rnct edg^ the alluvium and 
snxtching from the Krishna district into Visakhapatnam, Andhra 
Slate. ‘ The feldspar is generally a reddish or pak salmon colour, 
weathering lighter, but it ij frequently of a decided red, even roj>'- 
red, nTTil then, on well-wom and smoothed surfaces it has somewhat 
the look of rhodordte, while it has always a fine pearly, silvery or 
bright broiue sheen ’ (W. King}. 

Murchisontte and sunstone, or aventurme oligoclase, which 
^)aisscsses a spangled appearance with mterttaJ reddish gleams, due 
to its incltisioDS, have both been recorded firom \logok> 

.WIBER 

Dr Berthold lAufer, a learned sinologue, proved from Chinese 
sources that the cacploitation of the amber mines of northern Burma 
must date back to at least the first century of the Christian er^ if 
indeed they were not worked in Jar anterior limes. The earliest 
European account was given by the Jesuit Father, Alvarea Semedo, 
in 1643 but the fact that both he and the early Chinese writers 
from the third century onwards lefcr to Yungchang Fu, a city in 
Western Yunnan, as the source of the amber, means no more than 
early statements that Golconda was the home of India s histone 
diamonds. Just as Golconda was merely a centre of the diamond 
uade, so Yungchang Fu was only the transit mart for amber 
passing from Burma to China. In almost all the early Chinese 
literature dealing with Burmfl it is said that the amber production 
of the country finds a place. 

The mines themselves lie around hiaingkwan in the Hukawng 
valley, through which the headwaters of the ChindwiA river flow, 
a wild and inaccessible tract vdiic^ was never brought under 
administration in British times. Visitors to the mines have been 
thus few and far between and include Hannay (1836}, Griffith 
{1837} and the geologisu Noetling (1892), Murray Stuart (tgao) 
and Harbans Lai Chhibber in 1930- ^ Chhibbt^ reported that 
the largest active centre was at Kh^jamaw, and here, as elsewhere, 
the fossil resin which sornedmes contains the incased icmains of 
insects occurs in pockets in falue sandstones or dark blue shales 
with carbonaceous impressions. These rocks are of Eocene age 
anH very thin coal scams are sometimes associated with them. 
Shallow pits are dug on the outcrops of these beds and the best 
amber generally occun at depths from about 30 to 50 feet, in 
elliptic^ or ov^ pieces. During the rainy scaun some material 
is recovered by ground-sliiicing the overburden Oif the outcrops. 
Milting method are haphazard and primitiv'e in the extreme; the 
labourers themselves being a motley lot of Kaduns, Shans, Nagas, 
Maingthas and Chinese. Their itaults are largely a matter of 
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lu.ck and it is not siirpri^mg tliat the output fluctuated within wide 
linuta. Thirty or forty ycara ago it ranged betw^ecn soo and 200 
cwt per annum; for the five years ending the avera^ annual 
proauction was 49 ewt, but for the corresponding perit^ ending 
i933i failen to 6*S ewe. The right to collect a 5 per cent 

aa vatorm duty on amber was * Eanned out * in British times with 
the jadeite royalties, the amber mines of the Hukawng vaile>' 
being about 5 marches from Mogaungp in the Myitk>^ma district 
and the centre of the jadeite industry. It would be difficulc to 
imagine a system more calculated to encourage clandestine dealing 
and evasion, with the result that the production figures for both 
these valuable minerals are completely unrelLiblep 

Burmese amber, or burmitc, is slightly harder, tougher and of 
^ghcr specific gravity than Baltic amber^ or succinite. It ociuirs 
in many shades of colour varying from pale yellow, through reddish 
tints to very dark browns, no leis than fourteen separate varieties 
being recognized in the local trade, depending mostly on colour 
changes* Some of these, translate by Chhibber, arc named 
' honey *, ^ flame \ * sesame \ ‘ horse-hoof \ and * light red \ while 
in ^e darker shades there arc at least four distinct kinds. Charac* 
tcristic of burmite Is its strong fluorescence^ which appears as a 
bluish tmge in daylight and is powerfu] enough to impart an 
unpleasant greenish smearmess to some fine yellow specimetis 
when viewed at a certain angle; on the other hand it adds to the 
beauty of some of medium browns. Much of the raw matcfial 
from the mines is opaque, discoloured and crossed by calcite-fillcd 
hairnmeks, rendering it of little economic value* 

At the time of Dr Ghhibber's visit much of the amber was being 
cut into Kachin and Shan earrings and taken into Assam to be 
sold amongst the Na^ tribes. Another portion made its wray 
through Kamaing or Mooting across the frontier to Tengyueh, 
to be cut there into a wide range of articles with the common 
blouse button at one end of the scale and small carvings of virtu 
at ^e 01^. Yet another portion reached Mandalay, to be 
fashioned into beads for the rosaries of the Buddhist priests, nadutoigs 
[the car cylinders worn hy Burmese women), brooches, cufl-linb, 
buttons and a host of trinkets in general. Burmese amber t^ads 
arc famibar objects in the bazaars of the larger Indian cities, but 
there are many excellent imitations, mainly plastica (phenolic 
resinoids of the bakclilc type) to attract the unwary purchaser. 

APOPHYLLITE 

Apophyllite fin ds a place in some textbooks on gems and 
oniai^ntal minerals though the reasons for this arc obscure, for 
though It is found in crystals which possess a perfection of their 
own, these arc of more interest in the show cases of museums than 
elsewhere. It is a hydrous siUcate of calcium and potassium, which 


bowehite 63^ 

somedmcs contains a little fiuorinct KFCa^Si^O^^.H^O, and is 
often classed vrith the zeolites. A member of the tetragonal system, 
it is of varied habits, acutely pyramidal, tabular, or, and more 
commonly in India, in square prisms which give it a cubical 
appearance. It has a perfect basal cleavage with a pearly lustre, 
otherwise it is vitreous and its hardntss is not much above that of 
fluorite. Colourless to milky white, it may have yellowish, reddish 
or greenish tints and is generally transparent 10 translucent. 

Apophylliie is a common mineral in the geodes of the Deccan 
Trap from which the world’s finest specimens have come, some of 
the four-sided prisms with termina] planes being as much as t^ce 
and four inches across. ‘ The colour of the Deccan apophyllite 
writes Blauford, ‘ is usually white, more rarely pink or green; some 
crystals axe perfectly transparent, and one of the most raagnificcni 
associations of minerals to be found anywhere is seen when, as 
occasionally happens, perfectly clear vimous crystals of apophyllite, 
of large size, are inserted on a mass of orange stllbite.’ The best 
crystals of apophyllite, as well as those of a large number of other 
Very beautiful, zeoLitic minerals, are usually obtained during deep 
excavation work through the flow« of the Deccan Trap—ro^ 
cuttings, railway tunnels, well sinkings and so forth, but in spite 
of their great inlcreat to the mincralt^ist they are of no significance 
in the jewel trade. 

BOWENITE 

Bowenite is an unusually hard, masshe variety of serpentine 
of various shades of green, some kinds of which resemble true 
jade very closely- ind^ for some time the mineral was actually 
^nllfd nephrite. Bowenite bijouterie, necklaces, earrings and 
trinkets generally are obtainable in many Indian bazaars and are 
traded about the country by travelling pedlars, usually from the 
North-West, who invariably describe their wares, probably in all 
good feith, as * jade for to dutinguish such finished ornaments 
without causing injury to them would, in many casm, tax all the 
skill of an experienced mineralo^t. 

The mineral is mined in the Safed Koh, the frontier range 
between Pakistan and Afghanistan to the west of Peshawar, whwee 
it is brought down to Bhera, in the Shahpur district of the Punjab, 
to be cut for sale. Six Henry Hayden described another occurrence 
not far from Kabul as apple-green in colour, its large patches 
several inches in width, ‘ showing up very beautifully on the back¬ 
ground of white and creamy marble A dark green variety is 
said to be found in Khotan (the most important provei^cc of true 
jade), both minerals being brought across the frontier and sold 
together in the Srinagar bazaars. 

Bowenite is found tn the vicinity of Shigar, in Baltistan, 
the northernmost canton of Kashmir, among rocks of doubtful age, 
at an elevation of over iS,ooo feet, so that muting is limited to two 
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months in the year. Cups^ bc^wls, ^mnll va3cs and similar articles 
were, and ppcrhap$ still are, manu^ctured at Shigar from the 
tranaluccnt apple^grcen Stone from this neighbourhood which 
occasionally shines into bottle** grass- and dark greeni colours and, 
more rarely^ into sulphur yellow* Molded and veined* dark and 
light green, semi-precious serpentines occur at other localities in 
Kashmir and elsewhere* as, for example* in the t^livcndla area of 
the Cuddapah district of Andhra, but they have so far attracted 
no attention froin lapidaries. Hand* compact, transparent* dark 
and light green Irowciiitc occurs in small amounts with caldte in 
AravalJi rocks in the Bamajiv'ada-Jcshangpur regioti of Idar* 
Bombay. 

DIOreiDE 

The use of diopside as one of the uncommon gem stones and the 
characicis of its crystals have already been outlined, 11 is mentioned 
here because of its occtirrtncc in a massive condition, in thick and 
contmuoua beds in ibc Bamanvada-Jeshangpur arcaof Idar* Bombay* 
which* in the words of C. S. Middltmlss* ^arc peculiar to rhi* part 
of Ini^ and probably a rare occurrence anywhere, as distinguished 
from Igneous pyroxeni tc masses w-hich usually are of higher specific 
gravity, contain more iron and are darker coloured 

It is exposed continuously for f mile on the right bank of the 
Mcfihva river, about I to I ^ miles souih-soutb-wcst of Baiuanvada, 
interbedded with caJdte and pale amptuboUte rock Otha" widely 
Separated, partial outcrops roughly follow a north and south line 
between Bolundra and Abharpur, a distance of about 10 miles* 
but* owing to alluvium, it is impossible to be certain whether all 
represent the same or different beds. 

Tndividual beds of the mineral are a or 3 feet thick, totalling 
8 f«t in one Mdon Md 30 feet in another* composed of voy 
coarse to mcdiurn-gramcd, white, creamy white or pale whity 
gt^ diopside. The purer bands show nothing but this one 
mineral, except its cl^^ in a few places to tremolitet or to 
pretty* translucent green amphibolc* compact and extremely 
tough. 

At one locah ty in the chief exposure near Bamanvada* some of 
the associated calcitc veins contain the transparent, dark and light 
green bowenite already nieuiioned on another page* This in all 
its physical and opdcoj properties reproduces the veritable 
y^hm of the Safed Koh* which is brought down to Bhcra and cut 
there for sale as ‘ jade ** 

compact bauds of the diopside rock when cut into 
* ^ iuch thick are subtranslucent m creamy, pale green 

and occasioi^ly pmkish tints. With a hardness of 5 to 6 It is an 
eamy w'orked ^icrial, yet a polished surface is uot lightly scratched 
^udl the rock should be useful as an ornamental stone and for small 
carvings. 
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fluorite 

The cubic flucride qf calcium, CaFj* occurs m a great wkty 
of colmirsj blue, green and amcdiyatine, violet, r^red and 
yellow, as well as more rarely in colourless crystali* The nuneralp 
howe\ er, is far too soft for a gem slonc as h occupi« only the fwrth 
position on the scale of hardness j morcoveri it penect 

octahedral cleavage. At the same tiine, massive variettK such m 
the Derbyshire * Blue John patterned in curved b^ds of purplish 
blue, violet, white and yellow, have been cut into vaM ^d 
similar ornamental objects from Roman times onwards, pie 
finest-qualUy colourless crystals bring high prices for ^ m optical 
workshops. Their low refractive power and weak dispersion, 
coupled with an absence of pronounced biixfringcncc, l^ to 
their employment in the manulacturc of apochromatic objectives 
for micrijscopes, prisms for spectrographs and parts of the lens 

sy stems of telescopes. ^ i - t j- u u- 

An account of the occiirrenc^ of the mineral in mtUa has tx:cn 

given under Fluorspar. 


IDOCRASE 

IdcxTase, or as it is soroctimrs tCTmed, vesuvianite, h a complex 
hydrous sil icate of calciiun, aluminium, and magnesium 
replacement by iron. Its formula is now given as 
(Mg,Fc), SitOa4(OH)|, but borua and fluorine arc present m 
some varieties and otb^ contain betylUuxn. Crystallmng in tbe 
tetragonal system, its well developed, prbmatic-pyianndal foniH 
recall those of zircon, though two sets of prism faces as well as a 
basal pinacold* seldom seen in the latter mincrsil, are often present. 
Striated prism feces arc also cofumon as arc columnar and massive 
forms. Its colours arc various shades of subtransparent to subtrans- 
lucent browns, greens and yellows; more rarely, blue. Vitreous 
to resinous in lustre, it docs not cleave readily and possc 3 S« a hard¬ 
ness rather hdow t^t of quartz. It has a high ref^tWe index, 
extremely low birefringence and weak dichroism. Golden 
brown varieties from Canada are said to make lovely stones when 
facetted. The green and ycllawish brown slones might be mistaken 
for diopaidc and epidotc when cut, A compact preen variety 
known aa caiifomite resembles jade, while xanthite is a yellowish 
brown idocrasfe from New York and cyprine a blue kind from 

It is usually found in crystalline limestones; for ex^pLe, at 
Dhaiol Hill, in Idar, Bombay, ihare are bands of masive, dark^ 
clear brown idocrase, several inches across, at a junction of talc- 
gndss and granite- Similar bands are associated with quantities 
of smalt gro&sular garnets, } mile north-north-west of Nadri in the 
same region. Near Mundeti, also in Idar, prisms of bright brown 
idocrase up to an inch in length and | inch in diameter, occur in 
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homstone. Reddish idocrase tn associarion with yellow-green 
epidote and quartz have been reported from a vein at the jimction 
of limestone with a Lirgc basic dyke, south of Find, in the Ninibahcrj, 
region DfTonk, Rajaisthan. 


JADEITE 

Jad* 13 the name popiitarly bes-towed on two separaie atones 
which mineralogists distinguish as nephrite^ or jade propeTi 
jadeitc. latter ia a mooDcliiiiq pyroatene, a silicate of sodtinrt 

and aJumimum;, NaAIStjO^; the former a monoclLnic amphibolcy 
a tough^ compact variety of tremoltte and a slljcate of ealciuio and 
magnesium, CajMg:5Si^0^j(OH],. On account of its colours, 
toughness and supposed magical properties, jade^ in the inclusive 
sense, has been cherished by max^lnd from prehistoric times 
onwards. Examples of this cult arc found all over the worlds but 
It must suffice to state here that it was cut into beads by the iuhabi- 
tants of the Indus valley, between 4,000 and 5,000 years ago, and 
by the Sumerians ofsouLbem Babyloniat from 3^500 to 3,000 years 
bcfcTC the Chrisuan era. It ts in China, however^, that the appn> 
CL^on of jade reaches its highest Inttmityj and from times long 
before the Sl^g dynasty (i^ ^ 1122 b.c.), the stone has left 
a OKord of signifeance touching most faran ch a of Chinese sochd 
jwLity as well as expressing their high anistic achievcmenti. To 
the modem Chim^, ^ ancestors, the stone b an 

^blcm of virtue, integrity and honour. Throughout the centuries 
China has rniqucstionably atuorbed aJmost the w hole of the world's 
output of jade and jadcite, and it is only within comparatively 
went times that adequate recognition of the subtle beauties of 
Burm« jaddte has grown In other lands* where it now fonm a 
coveted article of feminine adornment. 

Buraia holds a world monopoly in iadeite. Tradition relates 
tfet It was discovered accident^ly in the thirteenth century by a 
I urmanese mulcted who piclted up a s tone to balance an anbnal'i 
UDcveu i^d* but it was probably known long before that period. 
I he modem trade dates from 1784, following the conclusion of 
fwtracted hostilities between Burma and C^na* the stone being 
then transported by the overlaitd route between the two countries 
until [B41. The wars bctwieen England and China in the inier- 
venuig ytars resulted In temporary set-backs until about tSbi* 
since wheu the bulk of the production, though by no means all* 
h« followed the sea route from Rangoon to Canton, The kings 
01 oumia collected dues from the dealers* and with the British 
oc^pation of Upper Burma* In i886, the ri^t to collect the 
authonaed one-third of the value of the stone removed from the 
mm« was auctioned out annually to the highest bidden The 
consequenoca of mch a systm have already been 
oned Under amber: as regards jadeite the opinion of a 
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Deputy Commisiioncr of the Myitkyina distticti aa recorded by 
Dr H. L. Chhibber^ may be quoted: * From the time it is won iti 
the Jade Minca area imiLl U leaves Mt^ang in the rough for 
cuttmg, there h much that is underhand, tortuous and comph- 
cated* and much unprofitable antagonism. In my opinion the 
whole busmess requires cleansing, straightening and the light of 
day thrown on it.* Higher authority did not introd^ these 
salutary processes with the result that by ipgo jadeite mmmg was 

langui^hinE. . .. 

The tnsln jadeitu occurrences lie m an area of 8o or go 
miles cm a deeply dissected upland among the hills of the watershed 
between the Chindwin and Irrawaddy. The Uyu, a tributary of 
the former river, flows along the foot of thb highland, of^ through 
deep gorges. Its banb and the valleys of its small feeder strsum 
are worl^ extensively for alluvial and detriiai jadcite_ in both 
Recent and Tertiary deposits. The whole area lies within the 
Mogaung subdivision of the Myitk>'ina district of Upper Burma. 
Tawmaw, an iniportani mining centre, u about 68 miles by toad 
north-west of Mogaung, on the Sagaing-Myitkyma branch_or the 
Burma Railways, Accounts of the industry were given by L-r^tn 
in 1847, NocUing (1893), Blcedt(190S), and by Gi^bber, an offiwr 
of the GeologicaL Survey of India, between 1928 a^ 

Chhibber’s production of a geological map of this diffi^t regton, 
coveted as it is by almost impenetrable junj^ and infested wtlh 
imeet pests, was a pioneering effort of the highest mcni and. JuiLSt 
form the basis of any futun attempts to resuscitate jadeite mitung 

on modem scientifie principles. t 1. f r 

The alignment of the known jadeite outcrops leads to tne beliel 
ihat there are at least four jadeite-albite dykes, or sills, intrusive 
iuto an ectensive complex of peridotites (dwiites, mica*, horn¬ 
blende-, diallage-peridotites, pyroxenitcs and amphibolita}, which 
in places have been partially or wholly conv«ted into sarMtine. 
Tlie Tawmaw dyke was undv active exploitation in Dr Chmbbei’s’ 
lime , on an outcrop some 300 yards long and «oo yards wide, but 
this is not its whole extent as it conua to the sur&ce again, usually 
exposing j^eite, in four or five places over a lateral extent of some 
five miles. The two operating mines at Tawmaw were the 
Dwingyi a*d the Kadon Dwtn, and at the six shafts of the former 
work was only possible between March and May, for during the 
lamy season the shaJis filled with water, and the clearance of water 
and mud occupied the period between November and the end of 
February. The Kadon Dwin was a modem mine managed by 
C. W. Chater of the Burchin Syndicate, properly laid out with 
drives along the dyke from a shaft about 50 feet de^. Com¬ 
pressed air supplied power for the rock drills, and pumping machi¬ 
nery had been instsdled. By these means it was poHible to remove 
the whole of the jadeite lenses, which occur mainJy in albitite along 
the foot wall. For further details and for an account of the 
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numerous wqrldngs in certain Tertiary de[>c4it3 which ffinge the 
serpentine massif; in the thick, sub-Recent Uyu Boulder Conglo 
mcraie and from the alluv^ial deposits of the Uyu itself, the writings 
of Dr Chhibber should fac consulted. He divides the jadcitc- 
bcaring intmslons into three rock types—jadeitites, albitttes and 
amphibolites. Jadcitite is an exceedingly tough rock, normally 
white, but sometimes irregularly streaked and spotted emerald- 
green, apple-green and lavender-blue. In some cases the rock 
consists entirely of jadcite and it then furnishes all the gem material; 
in others, large crystals of amphlbole arc also present. Inter¬ 
mediate in composition are the albititic jadeitiies which grade into 
the albitites—granulitic rocks composed almost exclusively of 
untwinned aJbite. The " amphibolites ^ are unfortunately UMned 
as they eoiaist of primary amphibote and are not the metamor¬ 
phosed basic igneous rocl^ with a granubtic texture to which the 
term Is usu^ly appbed- These amphibolites, of which there are 
three varieties, contain nodules of the green chromium-bearing 
jadcite, and are themselves often rich in chromite* 

Cleese dealers classify the stone into many kinds, the values 
of W'hJch vary greatly. TTiis b not surprising in & mineral which 
may possess any colour from pure white through all the shades of 
green to amethystine, mauve, violet, lavender and light 
veilow and orange to various tints of red, brovm and the deepest 
peen w^cb in some lights appears black. The most highly valued 
is a uniform, translucent grass'^green, best compared with the 
emerald in colour, or^ as the Chinese say, with the green in ^ 
peacock's tMl seen in sunlight. This, with the leek-, apple-* and 
pea-green kinds, as w-etl as a translucent, light grape^green variety 
of remarkable clarity* are very expensive stones, Jadeitc with 
a light green background, spotted or streaked with brighter 
colours, ranks next, and with the former is u ged for expensive 
jewdlciy—rings, ne^Iaces, earrings, pendants, brooches and so 
forth^ "^e limpid whitK, decked and mottled with apple-green 
and similar shades, are abo highly prized. The cheaper stonrs 
include the dmker greens, mauves and the various tints of blue, 
orange and l^ick*rcd, yellow, rust-red and white, in order of value^ 
Although objects fashioned from Burmese jaideite, such as beads, 
plai^ues, ring-stones and small carvings, are familiar enough in 
India,^ Europe and America, the real market for thig particular 
stone is in Cknton, where much of it b carved, thnugh there was, 
and probably still is, a secondary centre in Tengyuch, Yunnan, 
mainly coueemed vriih the manu^cture of bangles, ^me cutting 
was also done in Mogaung and Mandalay. It is not gene^ly 
realised that in pre-war years between 100 and SOU tons of jadeitc 
Burma every year, that the total Imports of jade 
{i^luding jadeite) into China at that time amounted to more 
th^ 6,000 tons per aiinimi, and that in Peiping alone, leaving out 
of account the cutting and carving industries of Canton, Soochow , 
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Shanghai, Tengyuchand other placet, there were over 600 Mi^llsb- 
menta of various aiics engaged in business concerned with these 

stones. , , . . _ , . 

The official returns of production of jadeitc m Burma during 
the British legiinc ate thoroughly unreliable; for the >5 years 
ending 1923, they indicate, for what it is worth, an average annual 
outpw of about 4,500 cwt. For the next five years, up to and 
including loaB, the annual average was given as a,100 cwt, and 
for a siiSlar period ending 1933, 2,38a cwt. Over the qi^uen- 
nium ending 1938, output is stated to have averaged 1,837 cwt 
annually. The declared values are not given as they arc believed 

to he misl-^jding- , ^ , , 

Conditions of tranquility and g^misral prosperity of Quna hnvt 
always stunulalcd jadeLtc mining in Burma, but famine, flooc^ and 
have been reflected in depression. As for as the mineraJ 
deposits themselves are concerned they are capable of meeting any 
likely demand upon them, provided their exploitauon is oondiKted 
on proper lines and not overbmdcned with ancestral methods of 
official control. 


LAZUEJTE (LAPIS LAZLfLI) 

In the family of mincrab known as the fcldspathoids, which 
take the place of the feldspars in certain rocks rich in alkalis and 
poor in silica, there are three members distmeuw by t^cn of 
their vivid blue colours. They are 

and aluminium with sodium sulphide, 3(Na^iOJ.Na,S, 
somite a silicate of the same two elements, with sodium chloride, 
^fNaAlSiojjNaCl, and hahynite, a similar silicate with calcium 
sulphate, sCNaAlSiOj.CaSO*. Some mineralogists regard lapis 
lazuli as a comple* aggregate of all three compounds; others 
cUaiily it under lazurite, ^diug that it is probably contaminated 
With iscnnorpbnns intcriiiiJttnrc of iHc othtf two. in 3Jiy 
the natural rock also contains small amounts of calcite, various pale 
coloured pyroxenes, amphibolcs and other silicates and, very 
frmuendy, pyrite. All three blue minerals belong to the cubic 
system and all are rather soft, coming between apatite and ortho* 

clase in hardness. . , . 

Lapis lazuli was used but sparingly m the tunes of the Harappa 
civilization, between 3000 and aooo b.c., in contrast to its wide¬ 
spread employment in Sumer, the southern kingdom of ancient 
Mesopotamia, approximately about the same period. The 
magnificent gold r^ia from the royal tombs of Ur are decorated 
with it; oval gold bowls have lapis lazuli lugs; the hilt of a gold 
dagger is fashioned from a large single piece of t^ stone; it appears 
in inlay work on musical instrumenta and gaming-boards, was cut 
into small spouted cupa, and, in the form of tesserae, set in bitumen 
in mosaic work. The great quantities found in the royal cemetery 
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m held fo prove that even at so early a period a regular trade 
pistcd be^een Mesopotamia and the mines in Badakshau whence 
it was denvedi In later and less prosp^oiis times the waste hrom 
the lapidaries* shops of Ur was powdered and mixed with some 
binding agent before being ufied again. The employment of such 
reconditioned stone was ver^' common in the Sargonid ^ge about 
2300 B.c. The uses of lapis lazuli in modem times do not dificr 
peatly from those of these days before the dawn of history^ for St 
is still cm into necklace beads and other jewtllciyp carved into 
costly vases and small ornamental pieceSf employed for inlays 
and mosaic work* and in a powdered condition* before the 
discovery of an ^ artiheiai mbstitutef uLtramarlne^ in 16^28^ 
form shed the artists of the world wfth tbplr most efficient blue 
pigment. 


'Hie Badaltshan mines are in the valley of the Kolu:ha* a tributary 

of the Ch^j a few miles above FirgHmu* w'here the mmcral^ 
occurring m ^'eiiied black and white limestones* has been worked 
from ^ un^owTi antiquity, India, pos«aring no deposits oflirr 
own* doubtle^ acted to some extent as a mart for the Badakshan 
stone* retaimng such Etipplics as she needed for her own uses 
throughout the oentuntt. Known as Iqjward, small quaniiiies 
m alM to have been imparted into the Fimjab from Kashgar* 
but whether this ^me from a mine believed to exist in the Kulluk 
Iegion of eastcii) Siberia is doubtful. 

The lapii of Buniii come* from the Mogok Stone Tract, 
whe« It IS ob^ed mainly f™ hillside workings oo both sides of 
the Daitaw cAfflfl,!, a si^l side stream at the of dm Mogok 

^ ncckiacm of aiure, Prussian Sue 

Md .udigo tmtt both m Mogok and in Mandalay. Another prttty 
but Iw valt^le exhibits fl«ks of blue on a whiter- 

ground. stat^ by Cottff to coutain white pyruxene. woUastouite, 

lazurite should not be confused 
with the sodaJite which also occuia in the Stoue Tract, 


PREHNITE 

of caldinn and aluminiuin, 
GisAl^iP,o(OH),.iiHjO, a ^tive of the zeolites, is usually 
found in botryoidaJ m^ses a mdiating structure, of pale, oib 
g^, olivt^n and yellowish colours? harttaess kSanes 
belwcm orthpclare and quam, and Li is uad for the prepanuiou 
of !^1 such as pendants, when its resemblance w^e 

vaoctiea of jadc is said to be very maj-ked 

it is a rare minenJ in the 
^>-^ul« of the l^can Trap. Blocks of it have been found at 
Ac Kasl^ sapphire mines, and spherical aggregates, inier- 
ES occur m the KWi lis Bela. 
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PIEDMONTITE 

Picdmontite is a hydnnis cif caidtim, alununium, iron 

and oLingaiif^, Ca4(Al,FtjMn)8(Si04)j{0H), a mangamiefious 
X'ariccy of rpidote coniaming from 3 *5 to 10*5 of manganese. Of 
crimson^ dark red, reddish black to black colours, it belongs to the 
monocllnic system, erystalJlsing in prismatic forms, or occurring 
in a massive condition, Ic has a high index of refiaction, a very 
high double refraction and a striking pleochroism exhibiting yellow 
to Dtange, amethyst to rose and rose to carmine colours in thin 
section. 

It has been found at several places in the Archaean schists of 
those parts of India where Gonditc rocks prevail, as a rule in the 
crysiafUne limestones of the same neighbourhoods. It has also 
been reported from the phyllites of the Iron Ore Series of north 
Singhbhnm. Nodules of piedmootitc from Ghogara, Nagpur 
district, Madhya Pradesh, are often as much as three inches in 
width and sometimes display a parallel, fibrous stmetunr, so as to 
resemble deep crimson silt In an occurrence at Kajlldungn, 
Nagpur district, small prisms of a pansy*pi^]e colour were 
obtained. In the vicinity' of in the same district, piedmont itc 
is abundant in many of the local limestones; in some instances La 
nodules up to one inch in length. 

Piedmontite has been cut occasionally, probably as an un¬ 
common gem for a collector's edification. 

RHODONITE 

Deriving its name -fitim the Greek rAwfijit, a rose, this rwe^ or 
flesh-red siUcate of manganese, MnSiO^, belongs to the triclinic 
system but is gcnemlly found massively compact; some carbonate 
of manganese, rhodochrosite, MnCOg, may then be present with 
it, as is the case at Gaimukh and Dcir, in the Chhuidwaia district 
of Madhya Pradesh* Owing to ils perfect cleavage it breaks easily 
into prismatic fragments which may be translucent Or opaque vdtk 
a vitreous lustre. In hardness it is about the same as oi^oclose 
and it a high iudex of icfraction and a modo^tely high 
birefringence. 

Rhodonite has been found at many manganese mines in Madhya 
Pradesh, Vtndhya Pradesh, Bombay and Andhra, particnlarly in 
those associated with rocks of die Gondite Series. It has been used 
as an omamencal stone in other parts of the world espKially in 
Russia. At the MaiKgaon and tUsaia localities, in the Nagpur 
district of Madhya Ftadesh, there are considerable amounts of 
both rhodonite rexJt and of rose-pink rhodouite studded with 
orange-coloured spessartite garnet crystals, according to Sir Lewis 
Pennor* Much of the Manegaon matmal is too blackenefi Co be 
of use, but a smal! proportion of oxy^tcration, provided it does 
not give rise to decayed spots, improves the i>eauty of the sictncs, 
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givIogTise to mottlmgSf amalL patches, and mcifi^like markings. 
Considerable supplies of small pieces up to six inches across arc 
available* bat it would be hard to obtain larger pieces* say for 
table tops. Sir Lewis Feimor added that it would be difhcuU 
to find a more beaudfui ornamental stone than the pink rhodonite* 
with its delicate veins of black manganese oxide* than that 
obtainable at Manegaon. 


SODALITE 

Sodalite might easily be mistaken for lasurltCj with which it has 
many resemblances in colour, habit and composiiion^ (Sec 
LAZLTftm.) Its most important occurrence in India is in a few 
laxgc and coarse peg^tites associated with the soda-bearing rcx:lcs 
of Kishangarh* _ Kaj^than. These pegmatites often <3iny big* 
rather rounded, individual masses of grey elaeolite, sometimes more 
than a foot in diameter, with finely granular, interstitial sodalitCp 
either colourless or Intensely blue, and occasionally accompanied by 
cancrinite. 

In certa4n veins near Mandooria, cancrimte, both iti granular 
masses and large crystals up to a foot in iength^ oecurs with sodaliic 
and biotite. Another rock there consists of pure white feldspar, 
veined and mottled with deep blue sodalite, bright yellow cancrinjte 
and shinin g black biotUe* an unusual combination of colours in a 
bizaxm arrangcuient most pleasing to the eye In pobshed spectroens. 
Some of the colourless, transparent sodalite ajtTirrn r s a pink colour 
when kept in the dark for a few weeb, but it rapidly disapp&fs 
again when exposed to light. When freshly broken in the field, the 
fractured nirlaccs of the colourless mineial are suffused with a 

carmine imf which vanbhes in a few moments, 

Sodalite of p^le and of deep like tints, accompankd 
pale gr«n neph^e, «cup in a band of crystalline limestone near 
the Tajotmgniuiiiu mine, in the Mogok Stene Tract, and crystals 
of a a nnple, dodecahedral type have also been found there. These 
unusual colours «c unhappily not quite permanent to )oii| 
exposure to light, in contrast W'itli the vivid hlues of the Kishangarh 
minerals. 

ElaMlite, the mtimatc associate of sodality is a massive variety 
of nephehne. t^f a member of the feldspathoid fomily and a 
smmtc of sodium, potasuum and aluminium, anoroxunating 
KjO.3NafO.4AljOq.9SiO, in cotapoiition. It ovwis its pame 
to the Greek i*md tlaiim, oil, in aUtision to its greasy lustre, te 
opalescent v^ctiia have been used to a small extent as aem stones, 

E raumably only for collectors' purposo. KJshancarh daeolitc is 
down to craitam mmutc, pbiey inclusions amnged in parallel 
directions a^ doerves further examination fiom this point of view- 
Greem^ yellow claeoliie from an unite near Sinkwa, m the Mogok 
otene Tract, cut <n ttuaeirntf at the request of one of the authors 
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of this book, though a strikiog and imtonumm stmifti failed to find 
any appreciation from the gem m^fichAnts m MogolL If 
mineral is ever wanted for carvings^ or for ornamental purposes in 
India, rounded boulders of pure el^li te, oily yellow to yellowish 
brown in colour^ are said to be of frequent occurrence in the dtbrii 
of small hills west-north-west of Sivarnalat, Coimbatore^ Madras. 

Cancriniic, also mentioned above, is yet another member of 
the fetdspathoid femily, a hydrated silicate of sodiimi, calcium and 
aluminium, related to the others in compoaUion, associations and 
occurrence. 

THULFTE 

ThuUtc is a beautiful rose or pink variety of zoisito, itself an 
orthorhombic mineralf and a calcium, aluimnium silicate with 
pearly ihc composition as cpidoie. It owes its red tints to 
the presence of manganese and its name to XhulCji an ancient name 
for Norway where it was first found. 

It occurs as rose-pink granular aggregates^ fibrous patcb«» 
dendritic clusters and felted bundles of prismatic cr)^t^s, in a 
cancrinitc^-calcite rock tying between syenite and Aravaih limestone 
near Mandaoria, Kishangarh, lUjasihan. Thulitc is sometima 
cut fli caboch^n but has been mainly as a decorative stone in 
other countries, and this Indian rock, white or pale gney^ 
grained and saccharoidal, with its scattered blotches of rose-pink 
and pinldih-ydlow* might after polishing be utilized for a similar 

purpose. * . - , 

A purple variety of thulitc, strongly pl^jchfoic from rose-red 
or violet to colourless, b associated with siUimaniic and corundum 
at Fipra, Rewah. Sillimanite schists of the same locality contain 
purplish patches of fine thulitc, and the sLlHmanite-conmdum 
rock found there ow^es its purple colour to its abundance of the same 
mineral. 

TURQUOISE 

Turquoise ornaments sue worn universally by the women of the 
Himalayas, from Bhutan in the east to Ladakh in the west l fm^cr 
north its employment is so widespread that it has been described 
as the national stone of Tibet, whUe in fLashnur the silvemniihi 
employ it in a crushed condition as an inlay for their mosaic work- 
The use of turquoise as a gem stone, like that of lapis lazuli, dates 
firom early prehistoric times, particularly in ancient Egypt. ^ 

In composition a basic^ hydrous phosphate of alvunimum, 
A1,(OH},P04 .HiO, it owca its lovdy sky-blue to apple^grccn 
colours to variaoW but small amounts of copper- It is gencraUy 
found in thin sGims or encrustations of almost amorphous, very 
finely cryptocrystalline ^gregata of minute grains, though very 
rarely it has been obtained in small, pinacoidy, tricliiuc crystals. 
Opaque for all practical purposes, it has a wadike lustre and, 
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although no harder than orthoclasci takes & gpod polish. It is 
nearly always cut en or m round or oval foTOis* at any rate 

as as the European and American market! are concerned. 
Ti^uoLfic matrix too, is often poLished^ and in such specimens the 
mineral is veined with its gangue material (often liinotute)^ or 
disseminated through it^ 

Turuuoise has not been definitely proved to exist in India' 
certain blue rmnerah once cut for ring stones in Ajmer and other 
pans of Rajasthan being in all probability copper ores. The only 
other possible indication of its presence is the statement of J. A, 
Dunn, that sometimes in the coarse veins of k^anitc of the l^kha 
area of Dhalbhum, Bihar^ ^ small vnghs arc lined with a green 
incmstatiom It is a copper-aluminium phosphate and is similar 
to turquoise *. 

1.3 Touche thought that most of ihc turquoise seen in India 
^ probably comes &om the turquoise mines of NishapuTp KhorassaUp 
Iran ** TTiese He about 32 miles north-west of Nishapur, a tovm 
some 40 miles west of Meihed. In the Records of the Grtlogtcal 
Survey for 18S4, General A* H. Schmdler has given an account 
of the working! and of the methods used in the cutting and di^iosal 
of the stones, tn 1865 they were visited by G. L. Gricsbacht an 
officer of the Geological Survey of India. The turquoiBe is won 
irom veins and crevices in contact rocks between metamorphosed 
grits j sandstones and limestones of Jurassic or Rhaetic ag^ with 
porphyritic tnuchytcSi ashes and other volcanic rocks, and there 
are many hundred of 3<xal]ed * mines \ including the diggings in 
the detritus of the dismtrgratcd rock stuflF, washed down the 
ridges. 

At the mines the stones were sorted into three main groups and 
all those of good and "* fast' colour (the moat prized being ' the 
deep blue of tlie sty q, and of lavotuabLc shapes, were classed ^ 
aj^hiarit or ring stones. The second groupj or tsikiiftih stoneSf 
were further subdivided into four grades^ the first and second of 
which went mainly to Europe, through Meshed and Russia, for 
user as ring stones. The remainder were sold to Pmian jeweller! 
and ^Idsmiths for encrusting amuletSj daggerSj sword hilt! and 
sheaths, horse trappipgs, pipe heads, etc. All remaining stones 
were lumped to^tner as and consisted of poor^uaiityj pale- 
ooloi^ed, greenish and spotted material, some of which went to 
Arabia and some to Europe. Large fiat pieces and slabs w^cre 
made into amulets, belt fi^tenmgt, brooches and so forth. The 
stones of a greeniah tint were bought principally by Afghans^ 
India doubtless absorbed much of the Persian production, and in 
pre-war years was oertainiy taking the great bulk of the exports 
of both Cut stones and turquoise matrix^ 

It ii doubifiii whether turquoise occurs in Tibet; some autho¬ 
rities assert that there are ounes in the eastern part of the country, 
but, on the other hand, the explorer Sarat Chandra Dai stat™ 
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that the best stones cmnic fi-ntn a tnine in the Chang Chenjiui 
range of Nari-Khorsum. This may be a coatinnaifdii of me of ihe 
ranges bordering the Chang Chennio vaUcy of Ladakh^ in north¬ 
eastern Kashmir. Other sources of turquoise are the ancient mima 
of Maghara and Serabit cl Khadinip in the Smai Perunsida of 
Egypt ; the Los Cerriltos mountains of New Mexico, U.SwA.^ whm 
it again occurs in an allcred trachyte, and various other lenities 
in the United States and In RussUu 

ZOISITE 

The manganifcfous variety of zoisite, the orthorhombic, basic, 
calcium^uminium silicate and a membtx of the cpidote 
has been described under Tkultte. 

Zoisite itself has been found in loose blodcs in the valleys to the 
north-west of the Sirsa La> in Zangskar, Kashmirp and their source 
is probably in the area of basaltic rocks which fonn peaks and 

Dk25, as diey are drained by streams to the west of this pass.^ It 
forms a heavy, whitish rock capable of taking a high polish, and 
was at one time collected by the Icx^l mountamters and taken into 
Lahul, whence it found its way to the stone workers in Amritsar^ 
The lapidaries in Srin^ar, to whom la Touche gave specimcia^ 
found it too hard for them to work into omamentSi 

McMahon examined specimens of the mineral, occurring as 
veins in serpentine, which had been collected by La Touche, and 
described its optical properties as agreeing with those of zoisite^ 
Partly clear and transparent and partly clouded and opaque, 
' it ^ high index ofreUmetion and a feeble double lelraction. 
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CHAPTER XVIII 
WATER SUPPLIES 

It has been estimaied that from two-thirds to four-efthi of Je 
moisture precipitated from die atmoaphete on to the of the 

earth in the rom of rain, dew or snow, is evapora^ back again or 
absorbed by vegetation: of the renminder a ^ finds its way into 
the rivers and the sea and another part sinks mto tlw ground to 
auEinent the subterranean water of meteoric origin alt^y there. 
GtSlodsts also r«ogni« two furt^ underfund group»- 
‘ connate waters ’ which were trap^d m 

during their deposition, and juvenile w^ten which me of pluto^ 
w m^tic origin, though these, being of but shght economic 

with the amount of the rainfall and with the litholopcal character 
of the subsoil rocks, the infiltrating moisture giv« pl^ to a zone 
of complete samration, the upper line of wluch is feown as tlw 
• water^ble’ or ‘ hydroatatic level'. In spite of its na^ u u 
not a flat plane for it follows every imdulation of gr^d 
though im a lc» pronounced scale. It re^ ^ sur^ at the 
sea aSre or on the edges of lakes nstfl bdow 
valleys, in dry regions such as Rajasth^ its depth 
than in humid elimaua such as Bengal, m dry s^ns it tails 
than it docs during the monsoons, near nveffl it fluctuates as they 

Bond or shriiiL , j ■ 

The quantity of water stored in the undergroimd reservoirs 
depends on the permeabLlity and poroaity of the ^ whoec 
mtersLiccs it occupieit and if these take up a ccMWdcfable propor¬ 
tion of the totaJ voiuinc, the amount so stored is propomonaicly 
great ; this, however b not the whole story, fof the sue of the pt^ 
spaces of any particular mck determine to a large extent iW capacity 
for the encrance and storage of water. Thus finfr^grained day* 
and shales whose water storage capacity may be l^gc arc to aii 
intents and purposes impermeable. Sands and sandstones, gravels 
and some varieties of conglomeiaite arc good cxamplea of porous 
(bxmadons, while indurated quarixitcs, crysndlinc limestoiaca, 
states and most of the igneous and metainotphic rocks can only 
act as permeable naetUa whm wtensively jointed, firactured or 

cnis hecL ,. r j 

In the simplest conditions the water-table of a porous bed such 
as sand or sandstone, rating on an impervious layer such as day 

^47 
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DT %h 3 lct b in direct €om£aunicalion widi the atmosphere imnire- 
diately above Rain water then percoLate? through the spil| 
subsoil and the pores of the unsaturated rock to replenish the storage 
lower dowtL If an estcavatiop is made in such a sicuation and 
carried below the local water-table^ water will make its way into 
it and rUe up to that level* forming a * surface* * or " percotadon' 
well* 

The water-table of * flowing * or * arEesian * wells is not in 
contact with the atmosphcfc immediately above them for they 
derive their supplies from remoter sources* In the oft-quoted 
textbook examples of the London or Paris basins* a permeable 
layer—the aquifer—lying between two tmpenncable beds l^ 
been folded into a syncline. Water enters the aquifer along its 
outcrops, which may be miles away from the centre of the bastDj 
where, when its deeper parts are tapped through the overlying 
impervious bedsj an overflow occurs at the surface owing lo the 
hydrostatic pressure developed in the aquifer down the sides of the 
synctinc. The height to which the water spouts* or flows, is depen¬ 
dent on the dlfrcrencje in level between the vrell head and the 
fountain head * or intake at the source of supply* Sub-artesian 
conditions are said to prevail when the hydrostatic head* though 
insufficient to raise a surface flow* yet causes the water to rise 
couslderably in the borings 

The first Director of the GeoIngicaJ Survey of India, H. B* 
Medlicott, discussing the prospects of artesian borings in India 
oyer 70 years ago, showed that condilions are generally very 
diflatrut from those of the exceptional cases just quoted- He 
demonstrated how artesian conditions can also be brought about 
by the subsequent tilting of hon^ucal strata* or in undisturbed 
strata possessing a well-marked otigioal slope of deposition* adding 
that - partial artesian action is always possible when percolation 
along the planes of bedding is much more easy than across them ^ 
It may also arise when iaclined porous beds capable of storing and 
yielding water thin out* or change their lithological character* or 
again* mret obstruedom such as pugged faults or igneous dykes* 
ail factors to- be takeu into consideration by the geologist when 
locating sitia ofwielU^ Again, it is not uncommon to find a number 
of water-bearing horizons* Kpamted by Impermeable layers^ In the 
same verdc-al plane. Artesian wells are jndependent of the imme¬ 
diate, local r amfat l* and even a temporary fall in the water-table 
at their foimtaih-hcads need not cause much loss of effective head 
at the Wells themselves. It is also possible for the water of artesian 
reservoira to escape naturally through springs or into the sea* and 
yet for it at dip same time to provide the supplies of wells at higher 
xocations, owing to the frictional resistance developed along the 
purses of the underground channels. discharge of water 

from flowing we^ in some parts of ihc world U known to be due 
to the compression exerted on the aquil^ by the weight of its 
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tSSSSESS-Sii 

three SSS'UbdivijSoM which corasp^d very 

z^ W“!“i 

^d t^Mfbld subdivision into the ooast;^ and deltaic 

Burma. ^ submontane and moim- 

tr^ts, the _rth The lainfall in all tb™ coimmes. 

• on- 

tbe whole of India di^g 

j.ve>. : 

imu^uon PU ^ 

of rauL Anomer part oiowa up « 4 v . & ^i^ins 

IS.”f^ C^?K.= 1 vh p™«i°jly M 30 ’oJ“ ; 

SSi »r *. »u «=soo 1J5SS 

amounts to only 2 10 4 inchesp and neither A n^rn-M 

rtoniM Sake any aottn^rthy contribution to tbe “ndagro^ 

The foregoing mmarlu apply only m a broad 
part of th^nlo-Gangctic plam and adjoining P^P 

Sthc Peninsula. Further south, over tte greater . 1 ^“ 
Madras and parts of Andhra, other conditions 
JX of the rainfall is received in w^t 
«ason in the greater port of India, from Novemlw to Febn^ 
The normal rainMl over much of this aouihero region vanes 
20 to 30 inches, but it is unusually var^lc wd eapnci^ m m 
distribution: moreover, the great are of the Nall^lai ^^b^d 
their cictenaions in the Eastern Ghats gener^ly, whi^ are more or 
lesa parallel with the coast, raise an effective barrier against 

the moisture-laden winds of the n^ monsoon. 

Taking the country as a whole, regions near the h^ ot me 
Bay of Bengal and along the submontane belt as ^ as Jammu, as 
well as the Wotem Ghats, have an annual rainfall of mom than 
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70 inches. The Gugm v;alley, parts of Orissa, Madh>'a tVadesh 
and the Madras coast rccctye twtweeii 30 and 75 Lnehea. A broad 
and irregular bclt^ Extending £ft>m south-western Kashmir throu^ 
the Punjafap eastern Rajasthan and Madhya Bharat into the 
Peninsula^ gets from 20 to 40 inches^ a targe proponion of which 
is winter and spring rain as Cir as the north-wcsi, Lesser Himalayan 
ionc b concerned^ while the annuaJ precipitation in a vast stretch 
of toTitory, mclud ing the greater part of Rajas than. Western 
PaJpst^, the Andhra-Hydembad-fiombay border regions and 
Bcrar:p is than 20 inches. Western Rajasthan and the adjoining 
tracts of Sind arc semi-deserts which receive but a few inches of a 
unoertain ralnGdl^ so that agricuLttne becomes impossible 
without irrigation of some kind. 

Neither India nor Pakistan could mainlain its present popu¬ 
lation on the eKiatlng cuidvated areas were the crops entirely 
dependent on nnniall. * Of the total cultivated area of2So million 
acres/ wrote Sir Bryce Burt of the Coundi of Agrlcul rural Research, 
in 1937^ * no less than 60 million acres are annually irrigated/ Of 
this area 30 million acres w^erc irrigated &om cmiab» 15 million 
acTK finom wells and 15 mitlion acres from streams, tanks and other 
sources. Of the modem Indian can:i 1 systems those of Sind and the 
Punjab are amongst the better known. Some parts of Sind and 
of the south-west Punjab are practicaliy rainless and large areas 
in them have literally been won from the desert and changed into 
arable lands* Further south«east in the Punjab^ and onwards 
into Uttar Pradeshi the canals supplement the rninhiil and at 
least double the yield of the winter crops. In the year 
86 per cent of the total acreage sown in Sind was irrigat)M by 
Govemment irrigation works ^ in the Piirj a b as a wboile and in 
Uttar Pradesh they spread their Emilities over 39*5 and 16-8 per 
cent of the cultivated lands, respectively; the correspondiag figures 
for Madras tncludiug Andhia and the North-West Frontier Province 
for the same year being ai^a and tg per cent* 

Of major importance though theae great irrigation canal 
systems are, imderground water from wells also plays an indis¬ 
pensable part in the cultivation of some 151 million acres, or about 
One ^^uarter of the total trrigatEd area. Tanks^ according to 
ofQcial statistics published by the National PLanniog Commiliec 
on River Training and Navi^tiim^ in 1947, account for a further 
5'8 million acres. While canal construction on a large scale is 
an undertaking which can only be financed and qairied out by the 
ag^cia of the State itself, and the single tube-well is more or less 
M individiL^ concern, the tank is generally a oommunal enterprise 
in the building of which a whole village community Is commonly 
*Its size varies from large reservoirs catching and holding 
billioEis of cubic feet of water, to be drawn upon as and when 
required for the service of thousands of acres of adjoining land, to a 
small store lot the use of the Immediate riUage, its lands and cattle-’ 
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In witc of all tfcat has b«n accomplished in both ancient and 

^d’fcr»<r^!ss “.S.udSrcf’JKf 

"d .£«^ ““ "f'™"‘‘ “T- 

MSi';¥ir=^A 3 « 

official anspico fans aL* cominenMd in both India and rajnaum 

irrigation (him canali 

theJtiS Sm thc^ perennial ^ 

driest reginn.. and to supply Siha^^^tiona 

1947 Ij2^this waste of river water ai^imts to ^ 
aJSable flow, and added that if only one thiri 
w^i^tenlid i, uulbrtible, ‘ it will amount to five t^, th^o^ 
of water which « being u«d at p««nt for ^rigation 

ntrt^^^rdiwaterconditiooswhichf^^^^^^ 
according to the particular group of rocki with SLna- 

associated, as set out in the table of prmci]^ «.r«l nn 

lions. The geographical distribuUon of ffi« jS 
Map XI, ba^mainly on the work of J. B. Auden ^ 

table showing the maiiner of the occurrences and theroeth^ 
adopted in various parts of the coimtiy for the recovery of the 
water (pp* 672^) w“ compiled mainly by the same author. 

PRINCIPAL GEOLOGICAL FORMATlOf^S 
(1) Ajiciciit cfyiuJlinc and mctacKtfpbic lutki {Arth»eaju)» 

(II) *3^ VuKlhifam. 

(Ill) GockdwAiLU. 



(IV) Dcccan Trapt 

(V) Maokiw Mid TotUry icdiaicntary rkIh cf «xbapFciiijuulftr ladia, 
“ “i*?**™ fa Wcsttm mutwi Mid Hunm, 
pcludrag the Vbteui LunesUme* of the Shan Sisiea (Falaemte 
*“ made up of the Ihllmving Ikdci: ^ 

S^i 5J®**aom Mid Eocene ealcuwtja eocki, 

(aj Higfacr Teniwy undy tkIbl 
(VT) Recent and nx^Reoait. 

/ili *"« liido-Gaogctic alhivhimi. 

(11) Dduic aJIiivi ujn. 

(ITh Lai:erid£ rod^ 

(tV) I>tim dcpociti« 

THE CRYSTAIXINE ROCKS 

c^paaty of the cryatAltine and metamorphie 
which build up the greater part of Peninsular India is small 
though water may occur in their jointi, fiasuresj 
^turta, foliation and bedding planes, as well as in any crush 
Mnes whm th^ have been mechanically comminuted. In the 
repom in which such rocks occur, ground-watff 
confined to the mantle of weathered rock 
hS a greater esetent tn valleys than on 

^ ground and. as a rule, best developed beneath thick 
over^c depth to groimd-watcr level varies both 
With the locality and with the season. 

In those districts of southern India with a comparatively poor 

Coimbatore, the avSS^ S^f 
av^™T “• ™n™« 15 about 45 feet, though the geaeraJ 

n^Iy a? feet in summer and 17 feet in winter. The^fiteraJ 
of ground water towards the natural drainage syalems 
Ijjp^Ae depth of die water-table in plateau ragi^ Si as 

attempt to forecast the probable yield of a 

India, ^iiu gaeiaac strata of southern 

5SJr »pcak^, a yield of to.ooD to 12,000 gallons 

ftoM *dl. i. d.. 

trim aiid^mJII^™*r^c° Department of Indus- 


WATER 

ATiflhra State figs’!) shoulii ^ consulted for the peribrraan« of 

Sdu 5 tefon: ■*« of™” 

in any of the taluks in question- 

(G.Wi. - C»M>il-«lgte"l- C.P.M--Yi<Mi.8.ilm;Kr»i.i«..| 


DiflUOT 

Taxjok I 

Kumool .a 

■ # 

Fattikopda *« j 

fcp - * 

■ a 

Dbgac 

Aixexiiapur 

* ■- ! 

Gooty 

u 

t* 

a ri 

iA*i*TiPapur 

E^yudniS 


* I 

p^ukoada 

Nofth Areot 

«- 

Waodivaib 

H n 

.* : 

Gtidiyatb-Uiit * *■ 

M IT 

*< 

Xpruvatmanudai ■« 

IP 1 * 

A. 

j Vellore 

Chittoor «« 

■i ■ 

Ftiosaonur 

Coimbatore 

■1 ji< 

Goiiobatorc 

il 

■- •■ 

Bhavani * - * ^ 

fi 

-* 

Gobfecbcnipeiiiyara 

IP 

1 4 

Erode 

WM 

■ ■ 

Avacajbi «^ 

Rirninr^biipTirajn 

SfivilUputhur 

South Areot 


, 1 Tukdivauacs * 

I'l 

- 

, Tirukkcvilu^ 

Ticutliirp-Ff^ 

Xirunetreli 

* 

^ Karur ^ 

. TmioelveU 


OstvttAi. CoHsrriOfQi 


G.WX. bd«w Iff f'srti - 
d^th of faofd 3* f**t^ G.P,kiX 4 lo 

G.WX- between ao ■ml 45 
hmi 40 to 100 feet: G^-M^ 5 ^ 
Bcfclkola 50 to 100 feet yield 6 to 
ao QJ^^ n*, 

Bortliolcs to 50 fed yicM 5 G.P.^ 
fioccboicf to 70 fed yidd 3 to 5 

Botdkolca 50 la 120 ftd V™ S 
G^ M- ^ ^ ^ , 

G.W.L. below 10 Icct: bordiakt 30 

to 70 f«ti G.P*M. 5- 

G,WX. bdow as tcets bordsolei 5a 

to lOO rcdjG.PXf-6, 

G.WX- below 10 feci: boptboto 50 
to H» fed:GJ'^> a tod. 

Good bdow ao teii iwrc- 

bold 60 ■ G.P.M+ 3- 

Good below 40 fdl. Bon> 

bola mvefage Bo feet, 

G WX. bdow 30 fed: bordMla too 
to 300 fed: yield S ^ 100 G.P.^ 
Good icepigd lw 3 ow ^fcel: bort- 
hdea 3Dto& f«t: G-P-M^ S ** 

Good s«p*«o bctwttfi 20 ftfld 200 
feet: bcirdbolei €0 in aoo fed: 

> botebola 40 
10 aoOi GJP>M- 5 to tj- 
Gotd fEepara bdoy 45„«rt: 

bor™olci 9® fsd : G,PxAX 

b>W.£! below iS fed: boceboid 50 

to feet: G.PiM+ 

GoM icc^ss^ bdow ^ fed: bore* 
bold 40 lo t5iD feet: ChF^. 4- 
Good MpepM^ between 33 mod 90 
fret: boraoka 50 lo HO fedi 
G.PJX6 w 

Water table befew 30 feet. 
Watcrnbfeatistoaorcet: avdige 
borebola Ba feet: G.F.M. 5 to lo* 
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AVERiWECROUNJDuWA^It CONDITIONS IN THE GNEISSlC 
_ districts of ANDHRA AND MADRAS—OwUiiWBf 


Dinner 

Taluk 

Ttnmdivcli 

■r . 

, Sriv'ukimdMci 

MftdimJ 


Paluki 

■r ■ * 


DiEidJgul 

tp r * 

■■ 


1 * 


NiULattu 

t¥ * - 

•¥ * 

Ftdy«iiiluii 

it 1 k 

P -P 

Til miDUUi^iJuQ 

*4 A - 

* r 

Madtini 


OkhkaaL ^CbnDmoMt 


■ ' itepasa bdow 37 focu bofc- 

boiei 50 to lOOTecU G^.M. 5 to 15. 

.. Good between nml ^ 

fcet; borctulei 70 to idN) f«f: 
G.F^, 3 to 15* 

. Good Kcpmgcf ^5 to fccii borr- 
boJoi So to 300 feet: GrF-M. r to 4^ 

-, ^ Good KepB^ M to 106 feet; bare- 
bolei 40 ID §0 f«t ; C,P,M, 5, 

i Good teepi^ ^ to So fisets t»re- 
bolo 30 fort: G^.M. j to aow 

* Goodiccpi^ooto iio fect: borc^ 
bo^ 60 fort I GrF. M. [o ip 30. 

. Good Keppffa tjciwccn 30 msd 6a 
ieetj bonbolrt 40 feel: C.F.^ 4 to 
13 ^ 

^ Good ^piM |>ctwoez) go imd 65 
fort; bonLokf 33 to 40 feet j G.F.H- 
tt to 9 7. 


In loiiw of »ontii India, such as ChiHoor, Bcllary and 
orth Arcot, the presence of dolcrite dykes and quartz veins traver- 
stng tM mantle of dccompogrtioti causes a blockage of the flow of the 
gro^d-water, and by acting as dains such natural obstacles cause 
a riw in roe v^ter-table on the upper side of the hydraulic flow, 
rein unjomted rock approa^ingr or reaching the surface 
ug of more prolbiuid rock decoinposittoti causes 

™ ‘he Raichur Doab and Surpur 
SS of Hydmbad, the junction of the unaltensl Dharwarian 
with the weathered Archaean gneisses is frequently marked 
y the presence of springsj though they are often of asatinc character. 

as ^ may occur in any gneissic region and have 
Deen noted in Singhbhum, Bihar. 

of wi;* India, as for instance in the Sulur JfrJta of 
gnassic rocb often contain more than two sets of 
ejrteuding down to tao feet or so from the 

boreholes flom the 

twttoms of the earlier hand^lug wells. 

^ a general rule the water dcrivisd frona wells in the regtons 
P‘. by gncissic rwks is fairly soft and quite potable, with the 

of Coim^tore, Madurai, 
Ran^ihapuram ^d Tirunelvcli, where the rainJall is scanty 
at <^erlymg soih contain abundant kantaT and calcareous tnfli 

ini^om tiTfh^Si ^i! situations the water is hard and 

jurious to the health of those unaccustomed to drinking it. 
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Tti recent years it has been found in many parts of the wotW 
that Oiere U a Ipw incidence of dental caria in 
the drinking water supplio contain a certam percent^ _ ^ 

S much so that controUed exp^^ts are n<w 

larftc scale, both in the United Kingdom ^ m the Umttd 

of America to determine whether the incidence of canes m 

by artificial fluoridation of water supplies, sodium 
SSSrWcTSSd to the water to bring its fluorine content up 
frr-o m parts per million. But, according to a report 
nnhlis hfA by the British Ministry of Heal* in 195!, when *e 
^ tirAtmn of fluorine in the water exceeds about i • s parta per 

of ^ teeth^ *0 f 

u^r.TwiJ!a. mcreasinBlv apparent. With a concentration of 5 parlor 

in* moldings 

In d!rSj!?M^ S IS^Nellom“ district, the occu^e 
of mottled teeth and^cr affections amongsi the popular w due 
i_ nf flttn.'flflea in the cround watersi accordin g t o 

S t SK c a 

occurrence of fluorides in the ™ 

from Visakhapatnam m the nor* to 

The highest fluoride incidence is in the narrj^ be o 
rocks s^lching north-norih-^ast from south of Karugnh " 
itictrirt 10 the Kistna river near Amavaravathi, m Guntur (totncl - 
The fluorine is doubtless derived from fluorite-baring 
„,ain mass of the Encdjses. Specimena of rocks from the h^y 
aflecced areas were found to he rich in fluorite and fluompatite. 

the cuddapah and vindhyan rocks 

nnrts nfoaitral India and Uttar Pradesh, The slat«, *ales wa 
G^esiooesof these formations arc not watcr-yiclders; their 

fiSSiained sandstones arc of low porosity, hut where 
graiS^d conglomeratic they may carry Binall supplies of water. 
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In both Cuddapah and Kumool dl^tricUf the quartzim^ lime* 
stonei and shales are generalEy sufficEcntly well jointed near the 
surface to provide smaTl supplies for domestic purpos^^ the water 
table lying at a dep^ of aj to 40 feet tn most caseS;^ but the step 
wtdh tallies are Itablc to be inJeefed by guinea worm. S imi lar 
conditions pievail in Bombay (Bijaptir district) and in those parts of 
Hyderabad into which these rocks extend^ but the groiind-watirr 
le^l li deeper^ usual ly below 5^^ w 60 feet nt Bijapur. Some of 
the areas covered by the formations, such as the Chhattisgarh 
Basin (the Raipur'-BiLaspur-Raigarh area of Madhya Fradesh) 
appear suitable from a structural point of view for artesian water 
supplies^ but tinfbrtunately the ro^ themselves are not suitable 
storage containers, and draw-wdls to tap the subsoil ^'ater seem 
likely to remain the sole source of supply^ 


AVERAGE GItOUNT>-WATER CONDITIONS IN THE GUDDAEAH 
ATO KURNOOL (VINDHYAN) ROCKS OF ANDHRA STATE 


Dflntjcr 

Taujk 

GENUftAU Ccummnia 

X- KumcMul .. 

CurabuiQ 

WAtca: tcvtl bdaw 15 Ret: bcv^hfila ^ 
ifl too fertj yicM 5 G.P.M, 

Vr Cuddapali 

Pkilivcodlk 

S««pa^ below 05 ; Average bofc* 

boles yo feet s yidcT 5 O.R^L 

3' ti 

FrDdamir 

Belter betwr^a 115 und ^ fedi 

borebolci 50 feet: yfeld j-iO Q.VM* 
Aurwe bcK^cbokf loo feet m depth: 
yield 6 G.P.M. 

4 - Anutspur 

TAdpatzi 

5 , Kumoal .. 

Slrvdi 

Belter fcepAgei between 30 end 37 feet: 
boreliolci 60 to too feet: yield 3 GhP-M. 

1^1 

Knilkunda 

Beeler Aecpigc^ between no nnd ino feet ; 

7 - OuddApali 

a 

Jammil ATimdugo 

borcholei Eo ic tso feet: yiejd 7 

Better BeepAgis between SO nmf 30 fect^ 
bcH'ebolea 80 feet; yield 3-15 

8 - » 

Qiuidapaii 

Better lecps^ between kdiI laj feet: 
boreholes 50 to loo feet: yield 3 to 00 
G.RM. 


O.FJMt ^ gillcdlA per eniTi iit* 


I Kunool tiuiksj l i mci tona, rtc- 


In the Maihar and Satna area* of central India, the Vindhyan 
no^ of ihc Kaunur Range are lufficiently jointed to 
^Id rwusehold supphes of wtable water ftom wcUi 15 to 25 feet 
deep, but m ihoK parts of Maihar and Jabalpur south of the 
JaAiinur Range, similar wclb occasionally dry up in the summeTi, 
North of t^ river, in die Miizaptir diitrict of Uttar Pradesh, 
the vri^ in the Vmdhyan sandstones, shales and limeatoneg are, 

yield fair supplia, though they 
an locally brad^h and unfit for drinking. Sou& of the Jununa 
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rivcTp in places ilkc Khiri and Sanaori, in Allahabad dlstrJcti the 
average depth of the wells is about 6o feet, with the Avaicr level at 
25 feet anef W feet below ground level, before and after the rainy 

drilled wells in the Cuddapah and Kuraool 
(Vindhyan) rocks, kindly supplied by the industnea and Cornmow 
Department of Madias Stale in 1951, arc sumioanzed m the 
foregoing table- 


the GONDWANAS and certain other MESOZOIC 

and tertiary sedimentary rocks 

The leading rock type* of the Goodwana System are sand¬ 
stone* and shales aa well a* smaller thicknesses of copglonwraua. 
The water-beaxiag and water-yklding capaotie* of these 
vary ercaily vdxh changes in their storage opacity, pcnnobdity 
and imbibition, but generally it is feirly safe to aaaume that the 
sandstones, and espe^ly the soft, porous varieties, ^ more or 
less saturated and capable of supplying gpod quantities of water 
firom borings or ftom laigeHliametcr wclta* l i * u j ^ 

A Bii^part of southern Bihar, Western Bei^, the Mahai^ 
basin, and ^e Pranhita-Wardha-Godavari yall^, is COi^ by 
Gondwana rocks, as also are certain regions vn Madh^ Pradoh, 
such as those around Satpura and m the Kan^ and 
valleys. Such rocks arc to be fouml again m ^es of the West 
Godavari and Ramanatbapuram distnets of And^ and Madm 
respeedvdy, where water under sub^arteaian ^ndiPons ^ be« 
tapped. A single tube-well, for eaample, lOO feet deep,^Ka^k- 
kudi in Raroanathapuram, from which water is pumped at ™ 
rate of too gallons per minute, meets the req^paena of this 
particular town. Another borehole m this vicuiity ^ b™ 
mently drilled to a depth of 400 feet and m it the watm Iml rises 
to 60 feet below the surlacej its yield is said to be 15 gallons per 

™”ln*^the West Gtidavari district, Gondwana sandstones holding 
their water under artesian condidons are known to occur at Bottam- 
nolam Venagudem and other places; moreover, thete is an art«Bn 
basin La the Tertiary sandstones which extend from Bhii^ole to 
Badampudi and thence curve around tow'ards Mndlmvuam. 
In the East Godavari district, again, there is another "tm^ b»m 
la Tertiary sandstones which extend from Rajahmundiy 

to Samaikot: thus, artesian conditions are said to ™ 

areas of Medapudu, Dwarapudi, Vanpalle and Anaparthy, 
wher^ tiic ^'dla are located close to tlie bouDdary between the 
Raiahmundry sandstones and the alluviuin. They arc tn^i^Us 
from aoo to 400 feet in depth and the best supplies w obtained 
from below 300 feet, the average yield from a 4-iiich hole be^ 
80 gallons of artesian water per minute. It i* to be noted mat 
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conditions also prevail at Gadaia through which the 
boundary between the Rajahmundry sandstone and the Deccan 
Trap passes. As examples of the ordinary type of tubc'Well* as 
distinct from the artesian and sub-artesian ones just described^ 
4-uich holes drilled to depths of 100 to aoo feet in Gondwana 
sandstones, in the Kuivid taluk of the Krishna district, may yield 
anything ftora 6 to 80 gallons per minute, the better aquifers being 
found below a depth of 53 feet. In the Bliadrachatam taluk of 
East Godavari, ^tneh holes drilled to a depth of 60 feet yield about 
5 gallons per minute, the water-bearing zones occurring below a 
depth of 18 Details of these and other artesian wells arc given 
in the table on p. 674. 

Parts of the Tintchirapalli, the East and West Godavari dlstriets 
and ^e strip of country in southern Madras extcndlDg from 
Pondicherry to Uttattur arc covered by a scries of limestones, 
sandstones and clays of Mesoeoic age, from which shaUony wells 
provide adequate supplies for domestic requirements. In the 
coastal remon between Cuddatorc and Pondicherry, as well as in 
the area between Cuddalorc and Vriddhachahim, water under 
artesian conditions is known to emjt m the Cuddalore Sandstones 
of Tertiary age. It is usually met with at deptlu of from 150 to 
500 f«t below the suriace and the yield may t*ary between 20 and 
i^ooo gallons per minute- From the Warkalli rocks of similar age 
and types, in Travancoie, fresh water is obtainable ftom below 
depths of 70 to 130 feet. 

In Madhya Bharat, the sandstone horizons of the Lamcta and 
Bagh Beds yield copious water within a depth of 30 feet according 
to K. Roy Chowdhury* The yield is sometimes more than 
1000 gallons per hour for some hotin. 

Turning now^ to western India, as Ihr as is known, while the 
Mesozoic sandstones of western Kutch generally yield good suppUcs 
of water, the Tertiary formations of the west and south-w«t con¬ 
tain barren areas. In eastern Kutch, supplies arc abundant from 
the Bhuj Series of Crctaceoiis age; tn it thew arc several water- 
bcarmg honzons from the outcrops of which isupplics arc often 
obtainabtc under sub^artcsian condi tions. A well at Viri, miles 
west of Kandla, aoo feet deep. Is stated to yield 42,000 gallons per 
hour after development by gravel packings Irrigation by wells 
deepened by means of boreholes taken down to between flo and 
130 feet is common in Anjar, Nagalpur, Khedoi and Dndhai. On 
^tcham Island, Jurassic limestones do not yield potable water 
tlrnugh it is obtainable from welb, about 50 feet deep^ sunk in 
widely separated locations, on Tertiary rocks, alluvtum and lat^te* 
In contrast to this, further south at Morvi, inSaurashtra, the Jurassic 
rQ<M contain three separate water-bf^aring horizona, according to 
RC. Roy: the first of these is close to the rurfkce, second at a 
d^th of about 200 feet and the ihird at 500 feet approxinmtely- 
Between Dhrangadhra and Halvad copious potable supplies are 
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available at depths mDgixig roughly irDin 100 to 500 feet. Although 
trial borings in the Wadhwan only obtained biatJdah ^vater at a 
depth of 64B feetj anothrr, in search of coal at Khakrathal, en¬ 
countered potable artcaian supplies of 1^500 gallons per hour at a 
depth of only 65 feet. At Khkraghoda abundant artesian watcTt 
amounting to a Bow of the order of h,SK>o gallons per minute^ comes 
&om an fi-inch borehole carried down to 317 feet* Similar condi¬ 
tions prevail at Udoo at a depth of 273 feet. In the coastal tracts 
of Saurashtm, wells in the Gaj Beds usually yield good potable 
supplies within 20 to 35 feet of the surface though the wells in 
Bhavnagar are sometimes saline. Drinjcable water h occasionally 
available along the junction of the Gaj Beds with the overlying 
Trap rocks* The sh^y limstoncs and sandstones of the Dwarka 
Beds are said to have yielded some water from a borehole 390 feet 
deep at Adatra (Okha port). 

Calcareous rocks of the Mesozoic period arc well developed in 
Baluchistan and in Kashmir, though in both regions supplies are 
not usually obtainable from the limestones but from those unconsoli* 
dated gravels and talus deposits, known collectively as Daman 
Slopes and Karewas^ lespKtivcIy. In Baluchiatan, p^icuiarly 
in the Quetta region, these loose, sediment^ formations yield 
water under artesian pressure, when overlain by more or less 
impermeable, fine-graiited deposits of loess. Water is also obtained 
locally by means of tong, underground channels^ known as 
which are driven into the loose material filling moat of the valleys 
and their lower slopes. In some parts of Baluchistan water is alio 
obtained by sinking wells through the shingle of dry stream-courses 
subject to spates, into the decomposed upper furfeces of the under* 
lying bed«ro^« In the case of Kashmir the upper boulder and 
gravel beds of the Karewa formation have proved to be good 
watcr-yieldm. 

THE DECCAN TRAP 

A great part of the wEstem half of Madhya Pradsh, practically 
the whole of Bombay State and of the Saurashtra pempsula, parts of 
Kutch and nearly half of Hyderabad, as well as sm^ portions of 
the East and West Godavari districts of Ajidbrap are covered by the 
thick, beddedj lava flows of the E>eccan volcanic period: further^ 
more, simitar trap rocks also occur in the Rajmabal HiLh ofBIhar* 
The flows themselves are of both vesicular and non^vaicular types, 
generally massive and well jomted, usually horirontal but possessing 
low dips in some areas. Succcaiive flows are somedmes separated 
by thin beds of volcanic a^, and, more rarely, by sedimeiitary 
rocks known to Indian geologists as * inw-Trappeana \ and in 
many places they arc capped by lateritic formactons of varying 
thickness^ As a general nfle the Deccan Traps are dioroughly 
unreliable sources of ground water because of their inherent 
composition, structure, texture and the sporadic dberibudon of 
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their iriter*Trappean beds; borings for water in Lhem have been 
uniformiy dLsappomling and can oidy be justified as a forlorn hope 
in the absence of any other possible source of Vi^ter supply. A 
boring put dovTi at Dajyapur* in BcraTi for inatanoe, after p^mg 
through 3^0 feet of alluvium^ with nodular^ calcareous clay?^ 
penetrated no less than 1,053 of Eleccan Trap lavas and asso¬ 
ciated ash bedSj without meeting any appreciable quantity of watCTK 
Exceptional situations do of couiie exist here and there in the vast 
areas covered by these volcanic rocks^ thus three boreholes recently 
put down at BorivUi near Bombay^ happen to have struck a ipongy 
chloritjc tuff which yidda fairly large quantities of water ofgom 
quality under tub-artesian conditions from, depths of ^40, ±64 
293 feet. The yield from the first of these is stated to be 14,000 
g^ons pCT hour from a Scinch hole. Niiar Belgaum, in Bombay, 
the trap is thin and the flows happen to rest upon loose sand* 
Stones and pebble beds of the Lameta formadoa, so that 
the water prospects arc more hopeful. Otherwise, supplies are 
derived from the softer surface deposits^ as in some of the trap areas of 
Saurashtra, where wells sunk for 15 or 20 feet into the weathered 
material are suffictemt for dom^tic needs. In Saurashtra, gcucrully 
speaking, porous mter-Trappean beds are rather rare and wclB on 
narrow hiD tops, both in this r^on and ebcwherc, arc not likely 
to be success^ owing to their limited atorage ar^ts and their 
exhausdon by natural springs on the hillsides. Even on the tops 
of circenstve plateaus, where water may be preserved in the laterite 
cappings, or in the beds dfin^OTien and boulders (weathered products 
of the trap itself), supplies are ofren exhausted in the dry season by 
leakage through springs on the lower slopes at the Junction of the 
aquifers with the underlying firesh and irnpcrmcable rock. Shallow 
widls located on the banks of streams, or at the junction of stream- 
courses^ usually give fair supplies for houKbotd purpoM^s, and in 
Saurashtta, where trap dykes are common, they occasionally cut 
the dry beds of streams and ao create storage reservoiJra of 
limited extoit. As a rule, the water from the Eteccau Trap ia hard, 
eroecially if from the dccompcscdj amygdaloidal varieuca 

of the formation, while the mbsoil water ia often brackish owing 
to the presence of sodium chloride and the sulphates of calcium 
and magnesium. 


HIGHER TERTIARY SAlTOY ROCKS 

As examples of these the underground of Chittagong, 

the artesian and sulHartcsiaii wells of some parts of Andhra and 
Madras, the condition prevailfr^ in the Potwar pUteau of the 
West Punjab and in the Gcmtral Basin of Buona are takcn» The 
water supply of Chittagong, in Eastern Pakistan, is derb^ front 
Tertiiry rocks which crop out in a ridge of low hills lying to the 
south-wesi of the town. It is under sub-artesian conditions, as the 
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effective head, owing to the low elevation of the outcrop liMt 
lufiictent to force the %vatcdr to the top of the borehols. ^e nrst 
of thee, located by Sir Henry HayAm in 1906. was 7 «» 
and encountered water-bearing horirons, to, 4® M^^t Uu i 
at let. ai5 and 235 feet from the snrlacc, respectively. The higtot 
and lowest aqmfCTS were shut off and the water from the 215-foot 
water sand then rose to within B feet of the surfiice. with ^constant 
yield of 1,100 gallons per hour from a gf inch bote. Two later 
tube-wdls 426 and 442 feet deep, of 6 inches dt^ier, each gave 
between 13 and 14 thousand gaUons per hour. Chittagong has an 
a nTiiia] lainJalJ of over 100 inches. , . « 

Some of the flowing wells of the coastal dutncta of Andhra 
and Madras, tiKndoncd in the section dealing with Ddi^c and 
Coastal Supplies, derive water from the Cuddalere and related 
sandstones of Upper Tertiary age. 

The Potwar plateau, lying between the northern sltw of the 
Salt Range and the Sohan river, is partly «^d with 
depositT^ loess, and in other parts is a rtsek-stn^ pl^ fr^ 
wb^ isolated ranges of low hilb and thm, narrow ndges of Siwa^ 
age project. The tainfall is usually less than ao mches yearly, 
the Eluvium has a high porosity and the wate^tabl* lira m 

places over aoo or 300 feet below the stirlacc. As a result the wdJs 
are deep and fitful in yield and it i* not uncoi^i^ ffidme or 
alkaline in nature. WelU in the loess, or in the alluvial caps, 
almost invariably give poor yields indess 

underlying Siwalik horizon, but those placed on the Siw^iki 
themsdvS have better ehsmees of drawing on perennial suppbes. 

* Dug wells of the usual percolation type, even of diametw, 
writw Dr D. N. Wadia, * will not solve the water dMculti^ of the 
Potwar. The great annual eiepciiditure of money in (hgpng new 
wells is in a large measure unremunerative, hut with the *a^ 
ouilav if nfiw tub^wells vrert sunk in the alluvial t^tSp or tni^ 
of ^t04 indifl dKwnfrtCf were drilled in the bottom* ofoistinff wdl* 
up to depths of 60 to icxj feet, the results would do more towai^ 
mectinR the domestid needs of the people and of enhMciiig the 
area ^ well-irrigatioiL A givtai number of tu^^wells of 
3 (04 inclus diameter and of aoo to 300 fret in depth, providM with 
any suitable type of augers, would tap the underground watCT 
reservoirs far more efiGcieaitly and economicall')^ than double theif 
number of the eakttng type of poncolation wT!ll3/ 

The central basin of Burma* extending from the Tnayetioyo 
district m the south to the Shwtbo district in the north* is often 
referred to as the Dry Zone, Its annual rainfall 11 usually between 
15 and 30 inchesp though to the south the Irrawaddy delta average 
go to too inches, while the submontane districts fiirthcr ^orth 
^ive between 70 and 100 inches. For the most part it is built of 
gently rolling uplands of Irrawaddy sandstones often covered by 
Plateau Gravels and pictccd in places by UJim of rocks of the Ptgu 
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System* The soft aandy strata qf both are intricately directed by 
tortuoiiSj branchijig^ deeply cut auUaha* Ehuing the dry season;, 
when the percolation weJis and village tanks b«ome d^, water 
is to be found only tn the very largest of the streambcdsi such as the 
Pin Qbaungf the Yaw nver and ihe Mon Chaung, the great m^ ority 
of smaller oaca being choked with sand and boulders. By 
digging a few feet into their beds, however, it is often possible to 
obtain water though it is apt to be salme, cspecialZy near the Pegu 
exposures. Each of the thirteen distriots of the Dry Zone^ in spite 
0f the fact that the Inrawaddy flows through most of posscsKS 
its waterless tracts which become more or less desiccated in the 
dry season with correspotiding hardship to man and beast. Anxlota 
considcradon has been given to the problem of undciground water 
applies in Such areas, the conclusions reached I'tring available 
in the Annual Reports of the Geological Survey of India, but die 
prospects are almost tmivirsally poor, though certain sites have been 
recommended for experimental borings. The late Sir Edwm 
Pascoe had an intimate, personal knowledge of the Dry Zone and 
summarized his opinion as follows: * As in all cases on rocks of the 
Pc^ Irrawr^dian senes the water supply question in the 
M ci k t i mj hdyingyan and Pakokku dlstrictSp pFcscnts insuperable 
difficulties. No satulactory scheme is possible for prov^idlng a 
really adequate vrater supply from tube-vrells owing to the tmds-- 
ground watCT l^g ehni]^ with magnesium and sodium salts. 
Where the alluviiiixi is thickj and the thickness can only be sumnsed 
at b«t, shallow tube-welb may give a fairly good supply but the 
location of such wells can only be arriviNl at by a process of trial 
and error. In the jungle, s^t and potable water can generally 
be obtained from wells sunk in the aJluvium of river valleys or firoro 
wells sunk at the lower end of a stretch of paddy fields. This the 
Iftsd inhabitants arc genOTtly aware of Deep boring? am useless 
M the ^ter of both the Pegus and Passage Beds and also of the 
Irrawi^dian ts froquendy saline and sulphadc. On the more 
ahmy ^egu rocl^ open tanks sometime? provide the village supply^ 
w^s Mtng su^ wh»e possible m the low ground below^ the outlet 
end, the hand then acting as a filter, but a? this is only run-ofi^water^ 
It cannot ^ rell^ on to any great extent. The same conditions 
to the whole of the dry zone of Upper Burma, and the cniy 
aid the geol^^st can give is to point out area? covered by aEluvinm 
and enjoin the local inhabitants to make shift as best they can, the 
relatively lowest ground being first essayed-* 

Such Jug wdU Ln the Jluvium of Bood pbuns and 
s^am^beds yield potable water for domestic purpofics in 
i hayctmyo, Minbu, Pakokku, the Lower Chindwin and Mandalay 
(hsmcte, and m Mo&ywa, the chief (own of the Lower Chindwin, 
_nmtra:bon galJmcs have met with a certain measure of success. 

1 “ f«»«i watti is often obtainable. Thus in 

ay tube-wells yield suppLis hom depths of too to 300 feet; 
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at Magwc at about loo feet; at Nj-aungUa betw™ 150 and 3 ^ 
feet smi at Paiin^w, two miles west of ^e TVin^on secuoa 
of the Ycnaiun’aung oilfield, between 162 and iBfi feet m one ^11 
and between 144 and 378 feet in another. These and o^er 
examples fwove that abundant supplies of potable water ewt bo^ 
in alluvium and Irrawaddian rocks, derived by seepage the 
river itself, but to what estent these partkulaT soura eatmd cast 
and wot of it still remiuns to be detennined. Water und« tn^ 
artesian conditions underlies the plain of Taungdwmgyi m the 
Maewe district. The town itself lies on alluviuia t^ugh quite 
close td a band of Irrawaddian rocla^ foon followed by the clue! 
IWu oatcrops of the Yoma, which rise to a rnaicimum height of 
I ^ feet Three tube-wells of 6 indies diameter were sunk m 
lot 7 - two of them draw their suppUea firom a gravel between 79 and 
to fet below theauriaoe, the third from a siaular at iM to 

120 feet. The firal two wells overflowed at a rate of a.ooo 
per hour and the third at 88 gaHons. Supplies m probably 
JSthered on the hi^ ground of the Pegu Yoma to ^e^t 
Enable to enter the comparatively Pegu ^ks hei^ 

abouts, Sow down along their junction with the Inawaddian to be 
sioied in them and in the alluvium below the plain. 

the indo-gangetig alluvium 

The Indo-Gangctic alluvium stretches a^ and P^tan 

from East Ben^o Kamehl and it is best divided mip two basins. 
G^-PuS^d Indus, which gravity observations seem to 

indiSie ari separated in depth by t 

Aravalli Range. The Ganga-Piinjab tom ortends front 
Punjab to tot Bengal, crossing Utt^ where, oj^ to 

thTtectonic downv^ in front of ^ Hi^yas, the ^uvimn 
probably attains its maximum depth of 10,000 l^ near 

R^oorkee^(Gulat«r, igsaJr while in no^em 

than 6,000 feet. In this basUi much of the water of the submont^e 
streams soaks down into the gravels, shingles, coane sands and ^ul 
deposits of the ih^ar lonc along the foot-hills, to em^ again m 
thrf^ Of springs along the borden of tto term giving 
prevailing marshy character. In the plains adjoining the term 
the undergmund water is often under ooostderable iw«l 

there are numerous artesian wells, some with copious fioi^ 
Farther to the south the graveb pass laterally into sands mth 
subordinate clays; the materials becoiiOTg finer as the distMoe from 
the hills increases, but thmt: is a narrow belt of coarser grades ag^ 
along the whole length of the fringe of the Pcnii^ woper. On 
the plains the ground water is usually within 40 feet of the surface. 
In the western parts of Uttar Pradesh it is extensively dra™ upon 
for irrigation purposes, and there are more than a,ooo tubi^v^ 
with an average depth of about 300 feet and an average yield of 
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about on* cubic foot per second. To the south and west of Delhi 
and to the west of Agra^ brine is found locaJLy in w^ells dug in the 
alluvimn. The salt may be derived from springs in the rtxi bdow 
the ailuvium* In Bihar, coarse sands near the sur^fe occur only 
in certain areas^ mainly in the Piimea district. TTacre is also some 
evidence that at depths below aoo feet the ground water is under 
sub^arteslan conditions^ for J, A. Diinii writes that * during and for 
some hours folLowhig the 19^ earthquake, water gushed out at the 
sur&cc^ over a wMe area of country^ in many to a height of 
several feet \ 

Great deiK^elopmenis are already in progress to utilke on a larger 
scale the subterranean water of the Indo-Gangetic alluvium for 
purposes of irrigatiou. Under the Indo-AmericaD Technical 
Co-ope^tion ProgTaimue of 195^, about a^ooo tubowdls will be 
sunk within the next two years in parts of the States of Bihar, Uttar 
Pradesh, the Patiala and Eastern Punjah States Umon and the East 
Punjab* which with thetr DIkcI power plants and auxiliary equip¬ 
ment are esdmaled to cost about Ra 10^94 crores of which the 
United States concrihudoa will be 13^700,000 dollars (about 
Rsi'50 crona) and that of the Goverrunent of India^ RS4-44 
crores. Contracts have been given to an American* a German 
and a British firm, and the States of Uttar Pradesh* Bihar and East 
Punjab will drill about one-fourth of the wells with their own 
equipment. In the East Punjab, out of a total allocation of 355 
wells* 140 will he sunk in Sanu^, 75 in Farupat-Ganaur, B5 m 
Sonepat and 55 in PiplL. In the Patiala and Eastcuu Punjab 
States Union, 300 tubiswelis will be constructed in Dhuri. In 
Uttar Pradesh it is proposed to sink 995 wells in the alluv^ plains 
of the Ganga valley at various site* in Basti, Gorakhpur-Deoria* 
Faizabad-Sultanpur and Maiapuri. Of a total of 350 wells assigned 
to Bihar, 150 will he tn Saznastipur and 100 in Arrah-Buxar, the 
remainder hei^ equally divided between Bihar-Shariff and Bihta. 
Supplies 0^ drilling equipment and pipes took so much time that 
the operations were not in full swing until late in 1953- However* 
by tM end of June 1954^ 973 of the grand total of ^^ooo tubc-wells 
provided for under this particular project had been actually 
completed^ In the meantime* the States of East Punjab* Uttar 
Pradesh and Bihar have fatmehed their own tube-well irrigation 
projects* commuaioning the Associated Tube Wells Ltd, of the 
Brush Aboc Group of Companies, Englandp In Bihv, the sinking 
of 300 wells is already in ^ogress In various parts of Champaian, 
Saran, MuaaSkrpur and Darbhanga hi the reserved areas of sugar 
factories. In Uttar Pradesh, work on 440 wells is in progress at 
various sites m Saharanpur* MueaBamagar* LakhimpuTj Khffl* 
Stapur, Gonda and Faizabad, while aog arc under construction in 
the Ambala* Kamal and Robtak districts of East Punjab and 16 in 
the Patiala and Eastern Punjab States Union. Of thfsc 965 tube- 
wcJls* each with its pumping equipment, 941 had been oomplcied 
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by April 1954. They are expected to provide tnigatiofl Tot 
yi fpi. 400,000 acres. Yet another series of tube-wells, amounting in 
this to a total of 650, for variouspirts^or Uttar Piradesh, Bil^, 
East Punjab and the Patiala and Eastern Punjab States Union 
were pnjvidjpd for under the Indo-Unitcd States Techiiical 
rinf^ ftogramme for 1953. The coostroction of 485 of these Ns 
been entrusted to a combine of French contractors and the remain¬ 
ing 165 are to be drilled departmentaJly by the Govemments of 
Uttar Pradesh and Bihar. It is anticipated that these wells will 
be in operadon by October 1955. . 1 

The tube-well progrannnc thus briefly outlined is moie or 
condDed to the proved areas of the Gan^tic alluvium. To dis¬ 
cover the ground water possibilities in other areas an exploratory 

E roject was set up in 1953 for drilling 350 wdls in >6 areu seated 
y the Geological Survey of India. These areas include the Purna 
basin of M^ya Pfadesh, the Tapi (Taptij and Narmada (Nar¬ 
bada) valleys of Bombay and other sites in Kutch, Saurashtta, 
Travancote-Cochin, Madras, Orisra, Assa^ ^\^t tod 

RajasthaHj ^ well as unproved regions m East rtraU, 

Uttar Pradoih and Bihar. The project contemplates bring^g 
' stable four™ of Irrigation water supply in areas which 
from chronic scarcity of raicdall and have no other soutk of im- 
nation water *. The cost of the work is to bc borne by the Indo- 
American Technical Assistance Programme Jmd by the Uovem- 
of India. The drilling equipment will come from the United 
States tod an American firm will provide consultant s^icp and 
technical penotmel. For the drilling of 3,000 tubc-^^b under the 
Indo-American Technical Co-operaiioti Schemr Lnciudmg 35 *^ 
uploTatory ones, the total commitment up to end of June 19^ 

has heen $i9,53Oj0oo for the United States and Rj g,i5j00j00o for 
India, The State of Bombay has undertakni the com^cuon of 
about 400 tube-wells in Ahmcdabail, Kairu and other distnete. 

The Amritsar-Ludhiana trough of ihe Punjab alluvium* a 
trou^ which may be about 4,000 feet deep* is demarcated 
on the sonth-wtst by the Delhi-Shahpur ridge. This submer^ 
ridge has caused the building up of the ground water of the Ptmj arb 
and may bc lesponsible for the waterlogged conditions lu the 
eactensively irrigated Punjab plains* of both India mid West 
Pakistan. In many parts of the Ptiiyab the water is saline and 
this ts the case near the Salt for obvio^ 

reasons. In auch rcgimi^ thm apt^ais to bc little improvemHit in 
the Quality of the water wiih depth, but in other parts of the Punjab, 
as m the Isa Khel tahsil of the Mianwdi district, there is a d<^te 
but slow improvement as the depth incteases* The Indus basm lies 
to the south-west of the hidden EkUu-Shahpur ridge* foraung a 
trough in front of the mountain ranges of Baluchistan. 

According to B, G. Deshpandd* in the alluvial tracts of Gujerat, 
potable ground water is found between 30 and 90 feet below the 
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surlkcct stib^artesiac watw occurs at dqitlij of froni So to soo feet, 
whik artsiati ^upplictj usually impotable but often suitable for 
Mgation^ arc met with in three zones between 300 and 1,200 feet 
in depth- The yield from the subsoil sources is generally less than 
400 gallons an hour, the maximimi being of the order of 3,000 
gallons; from the sub-<artcsian zone, l,ooo to 5,000 galLons, and from 
the artesian sands, about 4^000 gallons per hour, though there are 
local exceptions to these quantities^ In the alluvial tracts of north¬ 
east Saurashtra ground water occurs under much the same condi¬ 
tions as in Gujerat. A bured well at Virarqgarn has yielded 200 
^Lons per mlriuic for a number of years from a depth of 770 feet 
below the sur^e, while at Gedia another borehole gives 240 
gallons a minute from a depth of 270 feet. 

The ground vrater of western Rajasthan, according to J. B. 
Auden, is 10 be found in appreciable quandues only in alluvial 
deposits and sand dunes, in the sandstones of the Jaisalmer and 
BajTner fonnations, in tbc Eocene strata and in the jointj and 
bedding planes of the Vindhyan and other rocks* The greater 
part of tbc region is txn'cred by alluvium and wind-blown sands, 
the former varying in tbitkness and occumng mainly along the 
channels, of the Luni river and its tributaries^ The rain&l is 
very small, from 5 to 15 inches aimually, and much of it is lost by 
evaporatiom The depth of the water-table, except m the Luni 
river basin, is gme^ly over too feet and in places nearer 400 feet \ 
in the Palana lignite field it is gaS feet below the suface of the 
ground and around Jaisalmer ateut 236 feet on an average. A 
well sunk recently in the bed of the Luni, near Samdari, 

40^000^ gallons per hour, and was the cause of over-optimistic 
valuation of the ground-water possibilities of western Rajasthani 
for wben two furtber weils were boted on left bank of the riv«-, 
to tbe south of tbia particular well^ they yielded but 20O gallons 
per bour* Tbe truth is that the distribution of the water is caprb 
ciouSj and, further^ all aecoiintj indicate that where present, it is 
of a brackkh diaiacter over wade areas of western Rajastban- 
Taking Rajasthan as a whole, tbe areas where ground water occurs 
at a shallow depth include the Pali region of Jodhpur, the Am^Ii 
Range and the plains bordering it, and the plains of Mewar, Jaipur 
and Tonk In his Introductory Report on the * Ground Water 
Resources of Rajasthan 1950, Auden has caucluded that if the 
former suiface drainage courses^ which lie buried under thick covers 
of blown sand, can be impp^ by geoph^'sical means, they are 
l^ly 10 be of importance as sources of ground water, provided it 
liw within nasonable depths and b sufficiently free from 
" s^ltible salts. The water supply of Ajmer city 

^ derived from wells sunk tn tbe wind-blown sands of the 
Pushkar artta™ The wells, acoording to A* K- Roy, are 40 

to 45 feet deep and the yield from each well av'erages 5,<wo 
gallons per hour. 
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DELTAIC AND COASTAL SUPPLIES 
The subsoil wHter level in Calcutta, as in most places within the 
deltaic regions of the Gaugn and Brahmaputra^ is usually Irora 
to 18 feet below groumi level, though at such shallow depths 
it is liable to be bacteriologically iofeeted. Good water-bearing 
strata are not available m Calcutta or its envirans above a depth of 
BOO feeti thou^ generally the tube-wells are mken to much g^ter 
depths, sometimes to 750 feet in Calcutta and its suburb of Howrah, 
whereas in Patna and MuzaflTaqjuTi drinking supplies are obLainable 
wathin too feetp though these pikees of course do not tic on the delta^ 
Generally speaking, the tube-well waters of Calcutta eschibit a 
decreasem their content of chlorides as the dbtance of their locations 
from the Hot^ly river increases, and this is particularly evident 
on the Howrah side of the river. The yield and the quality of the 
water is variahle and some wells hav% given hard water only. 
N* C* Bose, in 1940, divided the ground waters of the Calcutta 
district into the four following zonca; 

(i) From Dum Dum northvnmia, in which the water 
contains a variable content of sodium chloride but is free from 
sulphate awH chlorides of the alkaline earths. 

(a) Between Dum Dum and the Lower Circular Road^ 
wherein, although the salinity of the water increases with the 
of the well, it oontains no real alkalinity due to the presence 
of sodium car1x>nate. 

(3) South Calcuttap where the tube-well water b more or 
less alkaline but without salimry, 

(4} Metiabuniz and Budge Budge, in which the BuppUo 
are generally bnuJdsh, 

The deepest tube-well of the whole area is that of the Garden 
Reach Municipality, at Akra Road, with a depth of 1,306 feet 
traversing silts, cla>3 and sands. The sands are usually watcr- 
EKaring and fiee-yiclding so that large voluniia of water can be 
pumped without any appreciable low'crmg of the w^atcr-^tablej 
thou^ in quality It is generally hard and from some of the sands 
of abrajckisti character with ferruginoiis and other impurities, but 
the supplies from the &do to yoO-foot sands are of better quality. 
It is the opinion of Dr A. L* Couhon that all the supplies of good 
watCT fixMTi Calcutta tube-wells are derived by pta^olatloa from the 
Ganga and Bralunaputia tivm which Uc more than too miles to 
the north, the rate of percolation being fn-obably a mile or so 
annually, (instant sinking of tubc-wclls in and around Calcutta, 
without some ofEcM control of their locations, may evrotually 
lead to deterioration in the quality of their water, as has already 
happened in some parts of Rangoon. Sir Cyril Fox also thought 
that there was danger of subsidence if the water-bearing sands 
below 500 feet were exhausted by widespread drilling. 

Proceeding down the East Coast there are deltaic areas in 
Cuttack, Orissa, and in the East and West Godavari, Krishna, 
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South Arcot with Pondithcrryip Tanjore^ Ramanatimporam and 
Tirunclvcli districts^ where v\"atcr-bearing nAnHg give copious 
supplies^ sometimes inidcr an&lan conditions. Examples of these 
^e to be found aroujid NeyveH, Aziznagar and Kavanaur, near 
Vriddh^halam in South Arcot, where there arc ntimjcmMis lowing 
wells; in and around Pondichdry; near Bhimadotu in West 
Godavari j Tiruturaipundi m Xaajore and in parts of Pudukkottai 
and Ramanathapuram. Tcchnica! details of some of these artesian 
wells are given on p+ €74. At Vhakhapataata in Andhra the 
^ter-mble is very variable and usoatly lies between th and 85 
feet below surface IcveL 

In the Littoral districts, lunJted supplies of sweet water arc 
J^^iy obtainable from shallow surface welts in areas close to the 
coastal region of ^asore, potable v^-atcr is 
obtained from ahailow wells north of the Orissa Canal, but be tween 
Mlasone and Cutlackj states C. Charetjif there exists a lens- 
•with its maximum width tn the Kendrapajra 5ub* 
division, in which the water is saline* Within this area temporary 
supplis are obtained from superhdal deposits, 15 to ao feet thieJe, 
Overlying 3 clayey bed containing intercalations of dark, sandy 
iKtcrial, though some of the wells yield ferruginous water from 
the upper strata. On the coasts of Cuttack, Puri, Canjam and 
other districts further south, where blown g^pH h a s been accumu- 
lated into dunes on a large scale, it is often possible to obtain good 
supplies of w^tcr Ihim wells sunk into their bases^ as they 
usually contain thin layers of imperviouj materia! which assist 
m imdcrground storage under semi^artesian conditions# 

«twc^ Dhanushkodi and Tiruchendur in Tinmelveli district, 
si^low diggings of the character of * soaks *, 3 to 6 feet in depth, 
withm a few feet of the beach, yield slightly btajtkiah but drinkable 
^^ter, but in periods of drought such supplici are seriously reduced. 
In Mme plaro^ such as fCayalpatULnam, near Tiruchendur, the 
shallow diggings on the foreshore only yield for a few weeks, so 
that new ones have to be made in other locations almost conti¬ 
nuously. Similar methods arc adopted in Tmvancore-Gochm 
and other pam of the West Coast. At Chavara, in Quilon, and 
elsewhere in Trav^corc, the shallow, surface hollows, left after 
the removal of the ilmemie sands vdiich arc exploited Locally, not 
only supply drinking water but afro meet the needs of amall^scftle 
imgauon to some extent. Larger amounts of fresh water arc 
ob^ned m toth eastern and western coas^ districts from perco-^ 
a lOn Wells dug tn wet lands, or on the banks of streams and canals, 
or, again, n<^ the bmds of tanks. At Alleppey* in Ttavancore, 
flSi We been replaced to a great extent by two tube- 

Is 01 8 mehes diameter, which obtain sub^artesian water from 
^ ^dy hon»ns, each about so feet thick, and separated by 
™ ofclay^ at depths of 240 and 335 feet respectively, 
arc pumped at the rate of 15,000 to 18,000 gallons per hour. 
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Another tube^wcll in similar alluvia] strata at Thottapalli yields 
drinking water of a chalybeatk tyi^ though it passes through a 
peaty soil chaig^ with sulphates in its upper section. On the 
southernmost tip of India, at Cape Cbmorio, where the rocks are 
gneisses and chamockites^ it is interesting to observe that the w^ater- 
iahlc is about 63 feet bdtiift' surface level at the Rest House and 
probably about 20 feet at the Temple. In parts of the Andaman 
and Nicobar Islands^ according to Dr E- Gec^ sh^low wdb, 
10 to 15 feet deep, sunk in recent coral rockj oftoi at quite short dis¬ 
tances from the shore, yield sweet water, the natural flow of w-hkh 
from inland sours:ra is apparently held back by the denser water of 
the sea- 

The recent, coasml alluvium in the vidnity of Madras city 
varies horn about 60 lu 1 to feet in thickness and the ground w^ter^ 
nearest to the sur&ce, appears to be confined to a sandy stratum, 
up to 35 feet or more in thickness, the water-table of which usually 
lies between 4 and 15 feet of the surlacc. Hand-dug wellsj seldom 
over 20 feet and shallow tubc^wtlb sunk to a depth of 25 feet 
or so, yield, with a few exceptions, water which is unfit for druiking- 
Shallow wells, excavated to a depth of B feel or so on the foreshore 
are also used for doEoestJe supplies. Deeper tube-wells, usually 
about 54 feet in depth, however, yield potable water. Tube-wd.!s 
sunk to bed rock at Perambur obtained only poor quality w'atcr, 
but better supplies are obtained from a depth of about 70 feet, the 
water-table here lying between 40 and 60 feet. 

The water supply of Karachi city is obtained &om dry stone 
galleries which extend for more than a mik upstream undo' the 
bed of the Mahir river, itself dry for the greater pari of the year. 
It is thought that deep tube-welb in this rc^oti arc likely to tap 
connate* saline water in the Tertiary rocks underlying the alluvimm 

LATERITE AND OTHER SURFACE DEPOSITS 

Latcrice occurs as a porous and permeable capping on the flat- 
topped hilJa of southern Bihar* Orissa, Madhya Pradesh, Hydin:- 
abad* the Eastern and Western Ghats* along the east and west 
coasts* along the western border of Bengal and elsewhere l as far 
as its storage capacity is concerned it is believed to correspond more 
or less to that of the well-weathered crusts of granitic and gnelssosc 
rocks. This means that under favourable conditions it b capable 
of holding fair quantities of water; mdecd, perenni^ springs on the 
hillsides oflcn mark its boundaries with the underlying impermeable 
rocks. It is for this reason that w^ells on natroTW, Uteri te-covered 
hill tops arc inadvisable, for they arc not likely to be successfiil, 
though elsewhere they may obtain supplies at depths of 20 to fio feet. 
Surface springs occur in many loc^itics where the w'aterHable 
is intercepted by an abrupt fall of the topj^^raphical level, as, for 
instance, on the eastern flank of the Latcritic uplands, south-w«t 
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of SaLboni railvray station^ and at the ca^tent lennitmtion of ihc 
latente-^ovcied u|fdand3 notth^west ofjfhar^iun also En M id nAp^ir^^ 
West Bengal. TTicre art other examples around Nfigtuaj Taldangra 
and iCurkutia in BankunL district. The water-table of the lateritic 
cliffi of the West Coast of^ lict below 35 feet from the surfacer 
MO seepages are occasional ]y visible in the valleys at the base of 
these cli^. 

Copio^ supplies of water w^e obtained at Gharbaliat near 
“ OriM, from a borc^hole sunk in 1942 through 52 feet 
of lata-ite, 4B feet of grit and sand^ into la feet of che decomposed 
of the imderlyihg bed rock, f n the Birbhum district of 
West BengaJj conditjons more or less ^vourable for tubc-wetls occur 
m the neighbourhoods oFMurarai and Nanur, within a depth of 
TO fttt, according to B. Gupta, A tnbc-well at Faikcr, wilh a 
d^th of 214 fcc£| ^ve 1^200 to 11,400 gaLions per hour, but around 
Nanur good supplies arc generally avaTlable frotn too to 150 feet 
below the surface. Around Bolpur and Ham Bazaar^ conditiDiis 
are more uncertain: the existing tube^welli at Bolpur have an 
average d^th of about too feet and give about 250 to 500 gallons 
^ hour in the dry season. As regards the northern part of the 
Midnapore district, the misst successftd tubc-wclb arc located to the 
e^c of the Eastern Railway: only one example need be quoted^ 
where, at Sunia^n, 4 miles hom Garhbeta railway station, a 
tube-well, 205 feet deep, yields a*ooo gallons per hour under 
artesian condidonj. 

_TIk valley ^Is ’ of the Extern Ghats, which may be taken as 
typicm of those of other hilly regions of the Femnsula, are usually 
entir^y composed of very porous, detri tal deposits, often up to 80 or 
im feet in thickness, as ar Rayagada, in me Koraput district of 
t^ssa. In such locaiicns it is ob^ous that borings must be driven 
th™gb such malerials and penetrate well into the upper, decom¬ 
posed wface of the underlym^ basement rocks b their search for 
gronod^water supplies. 

In tlie Puma basin of Berar, tbe alluvium In the north of the 
basin along the Satpura Hilb yields plenty of potable water within 
15 feet from tht suna^ but eU^here the tvater, acoardiM to A. 1 C. 

IS salme, unfit Car drinking or irrigation. The salinity 
decreases as one proceeds away from the PUma river. 


OTHER EXAMPLES 

The mis of the montane tracts such as those just described 

tuner entirely from the alluvial deposits of the smaller riven when 
^ lower elevations and possess Hatter gradients, and again, 
frra the ve^ deep alluvial ones of the greater rivers of the country. 

"lii 8«^ characteristic underground, hydri- 

Jogical coD^uons, Etuxlified in many cases by local geo Wral 
features which it is the task of the water pmsp«tor to Sd^d 
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umdcrstand. THie Impbal plain of Manipur is fomied from a 
valley fUlp. caused by the darnming of the Manipur river by a vast 
landslide which resulted in the formation of a laie. As the ri^'crs 
draining into the \^lcy flow over soft* finotottured rockSp it is 
probable that the lacustrine depoaits of the plain consist mosily 
of claysj muds and sllts^ with subordinate sand beds derived from 
the denudation of the sandy Earail Scries* The ’h-ater-tablc in the 
wet season Ues dose to the surface but the wata itself is unfit for 
drinking- This also applies to the permanent water available 
from sand beds which underlie clays about 100 feet below the sur¬ 
face* There ate several salt springs in and around the plain and It 
would appear that wherever water is found it ia likrdy to be slightly 
saline, fn Tripura, on the other hand, the water-table of the 
valleys is dose to the surface and is at times imdcr suh-arti^ian 
conditjoiis^ For the gencfal conditions obtaining ovo' the great 
plains of the Brahmaputra^ in the Assam valley and northern 
Bengal the opinion of H- A. C. P. Hetherington may be quoted: 

" As^rn and North Bengalp* he writes, ‘ may probably be classified 
among the most free yielding areas of underground water supplies 
in the world* Water if avmlabte m lar^ quantities and in most 
parts at comparatively shallow depths* Water levels are as a rule 
high blit in no case ao far have permanent artesian conditions been 
encountered/ At the same timcp though the ground water nearer 
the suriace is generally pure, as depth increases it tends to ^ome 
more and nuare forruginous* thou^ the geographical distribution 
of this iron content is very capricious. In Assam^ the under¬ 
ground water invariably contains between 0^01 and 0 *g p^ta of 
iron per loo^o^- BurhanpUTi a town lyi^ on the allnvimn of 
the Tapi (Tapti) vaUey in the Kimar district of Madhya Pradesh, 
has had the otsdnetiem of a novel water service since 1650, when, 
states A* K- Roy, percolation tunnels wrere driven underground to 
arrest the Sow of the subsoil water Into the Tapi. It is then led 
through conduits to rwrvoirs before being distributed through 
masQ^ water-towers, T>^^ wells on the bank of the Tapi 
fumish supplementary supplies. Dr A. L. Cotilson has describe 
an unusual case from the Mardan and Peshawar districts of the 
North-West Frontier Province, Pakistanj where a barrier of im¬ 
pervious slates ciosatng the gorge of the Indus at Attodt has res- 
tt^cd the drainage of the Kabtd valley and caused equalization of 
the ground water and possibly rendered it harder. In some parts 
of tne allnvium-covered plateau of Rawalpindi, deep pockets of 
Eravel jdve rise to conditions favourable for the accimnilation of 
artesian and sutHartesian supplies and a number of wells are in 
operation around the town. The great Margala submontane slope 
fmro an efficient reservoir for undergroun^d water. 

The suriace ivater supply of Rangoon is augmented from tube* 
wells of which 17 wot m eperadon in 1893, but by 1930 oy^ 400 
had bcect drilled^ of which about half were working and yieldjng 
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wrhApfi 4 otHioh gallons per dayi, Thej^ dr^w tbeir iiipplics fmm 
four ^avcl beds, about ro to i^O feet thick, in the Lower Delta 
Alluvium and lying at depths of 120, t50j 350 and 350 feet approxi- 
Miely below the surface of the Upper Delia Alluvium near the 
j^goon river* and at somewhat lesser depths further mlaad. 
The catchment area is on the Irrawaddian rocks of the long, narrow 
spur tht Pegu Yomas, on and arDiind the lower slopes of which 
the aty lies. These rocks consist of sands, sand rock, soft sand¬ 
stones, shales and clays with a few bands of harder* calcareous 
sandstone. Art^ian conditions are rarely met with but sub-artaiaji 
conditions prevail, the water often rising to within a few feet of the 
surC^e^ On the lower ground, however, there is no true static 

VL ^ several f«t with the flmv and 

ebb of the tid« m the Rangoon river. There is thus a delicate 
hydrostatic balance, and the fate of the underground water supply 
of Rangoon d^nds on the ingress of salt water. In cca^tain areas 
where over-drilling has taken place, the wells have already become 
l^lwh and m 1930, acting on the advice of its Ceolcmcal Party 
^e Government of Burma passed the Burma Underground Watff 
Act, imder which the sinking of tube-wells was regulated and 
controlled. For further details a comprehensive report by P 
^idcster cotiilcd -The Geology aod UDderg^wind Wat» of 
Rangoon thouJd be caruulied. 

usenii^ chough underground water supplies may be to the 
Konomy of rot^unilics fortunate enough to Jive in areai where 
they are obtamabJe, irrigation from river* or from anifidal reservoin 
» more tmpwtaut, and in some cases is the only means of saving 
Wide rcgionsTfom those misfortunes which visit them from time to 
tunc tlwugh (ulmt of ihe rains. Vast though many of the 
wber irrigation works are, and in the Punjab alone there are said 
to ^ 16,000 tniles of canals, while the Lloyd Barrage Canal Swtem 
of Sind, completed m 193*, is one of the largest of its kind in 
«mcnce, much rti 11 remains to be done, for India utilizes only 

the flow of her rivers today. As many of the 
ttming storks, and others under construction or projected, are 
built not only flood control and large-scale irngatioCbm ^ 
for the generation of hy^Iectrie ptfwer, and 

’!» “f**’^*^ ^ development of the^^ectro- 

met^lurgieal and electrochemical industries, a brief refei«ice 
ro Acra may not be out of place in a book concerned with the 
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now exist under the titles of the Centnd Water and Power Com'* 
mission and the Damodar Valley* Corporation. 

Under the Development Feognmuiie for 1951-6^ no less than 
to majoriuid 187 minor urigaijQn projects to bring more Land into 
cultivation are planned, as wd! as 10 schemes for the large-scale 
dnUing of tubc-wdb at various places. In addition to this, work 
has alrady commenced on se\en great muldptirpose undert^ings 
which include the Damodar Valley Project, the Hirakud Project 
and the Bhakra and Nangal dams across the Sutlej river, their 
respective estimated costs being Rs 750, 700 and ijt30 millions, 
or a total of £^o8'5 millions. The Damodar nver will be 
harnessed, and its destructive Hoods ended. Out of the eight 
storage dams ulttraately proposed for thb project, four 
are under construction, with hydro-dcctric stations to possess 
an instalkd (opacity of u^,0OO kilowattij while an irrigation 
barrage with its aasociaied canals and distributaj-tes wil! pro^^idc 
water for about one imllioii acres« The Hirakud I¥oJect en%"isages 
the construction of a dam across the Mahanadi to supply water 
ID the surroundmg country and also for twojMwer houses of 133,000 
kilowatts capacity initialty. The three projects already mentioned, 
th^ of Damodar, Hiralmd and Bhakra-Nangal, are expected to 
bring 3 nuUion acres of new land under cultivation by 1955’^ and 
to increase electricity generating capacity by 338,ocx> fcifowatw. 
Other large muUipurpose schemes include the Tapi Project in 
Bombay, ihe Tungabhadra Dam, one end of which has been built 
from Hyderabad and the other from Mysore, the Chambal Project 
in Madhya Bharat and the Kosi Barrage in Nepal. 

On p. 68a a list ia given of the important water-power projects 
at present under construction or escamination tn India, and 
to it are added data as well as an older preiiminary forecast of 
some of the water-power resources available in Burma- in the 
pnparation of this list we have had the benefit of the assistance of 
Sirdar Balwant Singh Nag of the Central Water and Power 
Commission, 10 whom we wish to express our thanks. The loca- 
tions^ of the existing and projected works are shown on Map Xl 
and it is demarcated into the sue great natural divisions or catch-^ 
ment areas enmnerated in the table on p. 679 which tabnlates 
the available water and hy.'dro-elcctric power of the principal 
Indian rivers. The particnlars of the catchment areas shown Ln 
given in the table are fi-om D. Dhir's 
^UtUbation of Water Resources in India’ ^ Paw^r 

& Ri^ Vdli^ Zhviiopmtiiif VoK 2, No. 6, 1932)^ 

The effects that the many undertakings, large and small, now 
in process of construction, arc Likely to nave in the near future 
both in bringing new Land under irrigation and so tner^sing the 
quantity of fo^ and cash crops, and of raising India's electrical 
generating capacity and so assisting her industrial oepansion, were 
iii mmar ized in November 1953 by Mr M- S. Thtr timal e fyengari 
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Chief Engineer of the Tungabhadra Pfojcct, speaking at the 25th 
annual aasion of the Ceniral Board of Irrigation and Power, in 
New Delhi, as follows: 

* The cumuladvc storage capacity of reservoirs completed prior 
to 1^7 was eight iiullion acre feet. Since 1947, there have b™ 
about 19 dams under construction, large and small, among which 
the Bhakia-Nangal, the Damodar Valley, the Hirakud wd the 
Tungabhadra would store about 18 million acne-fret and the rest 
of the dams ao million acre feet Included in the Five-Year Plan 
are some large dams that will give a total of 35*4 million acre-feet 
capacity. When these are completed we will have in all storage 
n^ervoifi with an aggregate capacity of about 90 million acre-fret, 
pie i»wer that ynll eyencualty be developed in all these sites wxmld 
be (1) 0*5 million kilowatts from worlts done prior to 1947, (2) 
1 '93 million kilowatts fiom danii now under construction and 
y) 3'I milLion kilowatts from the projects contemplated in the 
Five-Year Plan. All these together wot^ give an aggregate Total 
of 5-5 milhon kilowatts. Also the irrigated area will increase from 
40 m^on to 70 million acres. All this vast irrigated area would be 
entirely dependent upon the waters stored and diverted or dirretly 
divmcd from nver diversion wo^.’ For the benefit of the non- 
tre cal reader, tt may be explained that one acre-foot represents 
the amount of water required to flood one acre to a depth of one 
foot and ^t the increase of 30 nullion acres in the irrigated area 
u the cqinvalent of 46.875 square miles; for the sake of comparison 
kingland h« an area of 50,874 square miles. 

According to the Report of the Commonwealth Consultative 
Committre as ‘ The Colombo Plan ', the hydio-elretric 

porentiai m Pakist^ is between 5 and 6 million kilowatts, against 
which the installed capacity in 1950 was but 9,600 kilowatis. It 
proposed to build new stations capable of generating an 
additiot^ 300,000 kilowatts of hydro-electric power, which, with 
alMut 56,000 kilowatts of new thermal power, were to tsost Rs 450 
hon or nearly ^^50 million. These supplies of energy were to 
be devoted to the operation of extensive tube-wcli and irrigation 
projects, to the development of various indusutes and to the 
modcmiiing of the coal mines. Amon^t the 12 new stations 
contempla^ arc the multipurpose prints of Warrak (installed 
cai^ity of 90,000 kilowatts) and Kamafulli (in Eastern Pakbtan 
with SLu installed Mj^ty of 40,000 kdowaits) and the hydrtv 
of ftdianwali (installed capacity 30,000 kilowatts) 
kilowatts). In addition to 
1 Prtijcct provides for the drilling of 

_ ,8w tube-^lls, to be opmted by electricity from the Rasul 
hy^o-elretne station, to irrigate some 712,000 acres and to assist 
m low^g the water table of a considerable portion of the area 
now lying waterlogg^ j p Other anti-waterlogJiS 
measures by means of tube-wdi, have also been proposed 
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with the affected areas, which now total about is-j milllaa acres 
and arc being xncmas^ at the rate of 40^000 acn» amiiLaJly. 
About xoo roues from the mouth of the Indus^ the Lower Sind 
barrage is under conatruedon to irrigate an area of a-S roillioEi 
acres. The Taunsa barrage* to be completed in 1556-7, across the 
Indus* tSo miles downstream from tbe ensdng Tiiuiah barrage 
at Kalabagh* will irrigate 1 “ 4 million acres in Dera Ghaai Khw 
and Mu^aflargarh districts. The Guddu Barrage Scheme envisages 
a dam on the Indus about So mild upstream from the S u kktir 
barrage* to irrigate over a million acres of land in Upper Sind, 
bordering on Bahaw-alpur State* The Ganges-Kobadak Project 
will provide improved water supplies to 2-a million aorta in East 
Bengal and electric power during the flood season. 

The Second Annual Report of the Colombo Plan, puh^hed in 
December 1953, stated that the capacity of the Mianwaii hydro¬ 
electric station bad been raised to too*ocx) Kw.* that Ihe Dargai 
stadon would be commissioned in 1954^ that work was proceeding 
on the Warsak Project and that me capacity of the KAmafuli 
Project, in East Paldkan, on which work is in progress* to serve an 
area of [5,000 square miles, will be 160^000 Kw* It refers also to 
the hydro-electric projects in connesJon with the Punjab Canal 
Links, to the Kiuram Garhi Project for the ^neradon of 4 **^^ 
Kw.p and to the Chubarkana Reclamadon Project^ which through 
tubc-wxU irrigatioii will bring tao,000 acres under crops by 

It has later been announced that the Government of Canada 
has allocated financtal aid for the VVarsak Muldpurpose Project, 
and that the capacity of the thermal powxr siatlons, both steam 
and diesel driven, in Pakistan generally, is to be increased to a 
total of 130,000 Kw. by June [956. 

The preiiminary data are available for a Large number of 
similar schemes in Bumia which will also receive attention in due 
course. In the Journal of the Bureau of Flood Control and Water 
Resources Doolopment of the United Nations Economic Commit¬ 
tee for Asia and the Far East, for January 1953* details are given 
on the Multipurpose Yamethifi District Project which will hanuss 
the upper waters of the Sittang river, provide irrigation for 5 io,OM 
acres* power of 50*000 Kw. and flo^ coatroL of the river baun 
abovx Toungoo* together with those ^of the VciLn Dam Project to 
irrigate 51 ,ooo aoes. In the same Journal for June, 1954, it b stated 
that the Saingdin Falls powxr station, near Butbidaurtg, in Akyab, 
should be completed brforc 1957, to provide 60,000 Kw. to three 
districts in Arakan and to the paper mills ai PoniLag^im, a caustic 
soda plant in Akyab and the salt worla at Kyaukpyu. It was further 
stated in Fcbruaryi *954i that prioriiy had been given to the eon- 
structioa of this power station, to the hydro-dectric plants on the 
Pegu river and to those of the Ealu Chaung* near LoLkaw, in the 
Southern Shan States. 
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CHAPTER XIX 
SOILS 

Tire-«ji b which cover much of the wLid surface of the earthy support 
i« natural vegetation ami supply the food for the crops planted by 
mankind^ are for most countries their most valuable possessiem^ 
They into two great natural classes—the sedentary soils remain¬ 
ing more or lc3$ in the places where they were formed^ and the 
transported or alluvial soils; but there is no hard and last line 
between them, for the alluvial soils on the margins of vaUcp grade 
insensibly into the sedentary soils of the upl^da. Soils are the 
products of rock decay in which both roechanieal disintegration 
and chemical decomposition piay their parts, but the nature of the 
parent rock is not the sole determinant of the character of a soil: 
diifercnt rocks sometimes give rise lo similar soils and the same rock 
may develop soils of varying composition. Nevertheless, as far as 
India, Pakistan and Burma are concerned, as Dr D. N. Wadia has 
observed, * the principal characters of the main soil groups are 
generally deduciblc from the nature of their geological foundation \ 

The toihforming processes, at work through the whole profile 
from surface to bed rock^ vary with rainfall and temperature, 
altitude and topography^ the characicr of the sur&ce vegetation, 
the activities oHiving organisms and the effects of dead ones in the 
soil itself, the work of the cuUivator and the length of time that all 
these and other agencies have been in operatioa. The alternating 
wet and dry' seasons of the monsoon have a profound effect tn the 
development of oitr soils, the lateriijc soils of India and Burma, for 
instance, being unknown in more temperate climates^ Again, the 
soils of die Peninsula, one of the oldest land sur&ocs of the earth, 
are of very great antiquity in contrast with the drift soils of Europe, 
Russia and North America which are largely of post-Glacdai and 
sub-Recent growth. The latter are more nearly related to the 
ynung and immature soils of the Indo-Gangetic plain dating ftom 
Middle Pleistocene dmes^ 

Chemical analyses of soils reveal their composidOUf assess thetr 
available stores of plant foods and determine how they can be 
improved by fertilizers, but too much reliance should not be placed 
upon them as reliable guides to the agricultural responses of any 
particular soil. Mechanical analyses determine the physical 
constitution of soils and indicate the size of the day content. 
* Clay \ states Sir William Ogg, * Is the most chemically reactive 
portion of the soil and U of great importance not only in crop 
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Dutritlpn but also in conzi^ion with such phyfic^ properties as 
plasticity and cchcsivcncss/ He adds that soil clays, formerly 
regarded as amorphous gels consisting mainly of kaoUniiej arc now 
Icno^Ti to be complex substances containing a wide range of cr)'- 
stalline minerals the large sur&ces of which play an important 
pari in the transfer of nutrients from soils to plantf^ in the absorption 
of moisture and in soil structure^ 

Three fundamenuU soil divisions arc recognized in our region; 
(a)^ mature Mils of the Peninsula south of the Vindhya 
mountaijis^ in which, in Dr Wadia'i worda^ * the effect of A^a of 
rock-forming processes has been to obliterate more or leas the 
innucncc of parent rocks They include the great zonal groups 
^ latcrite and latcritic kinds which 

exhibit wide \ariatioits iij their clay factors^ structure, texture^ 
porosiiyj^ content of oq^anic matter and presence or absence of 
calcareous and ferruginous segregations^ Besides these major 
lyfw there are t^ny others of more limited dbtribution, mch as the 
yellow sandy soils and the stony and sandy soils of the Gondwana 
basins. 

, (^) The pluvial soils of India and Pakistan covering the great 
plaim from Sind in the west, northern Rajasthan, moat of Uttar 
PjMesh, most of Bihar and Bengal and half of Assam in the east. 
Over vart areas these soils are more or less uniform in colour, 
constitution, porosity and organic components, but there are many 
mmoT VMiatio^ giving rise to subordinate groups amongst them, 
i he division also includes dry and wei meadow, semi-desert and 
deltaic types as well as saline and aJkalLnc soils* 

U) The scanty soils of the mcmnlains of Faldstan, the 
JiimaJayas and the ran^ of far eastern India, regions in which 
sancjutones, clays and limestones, mainly of Tertiary age^ form 
the fundamental groundwork. T^ese are the least xnature of all 
the soils, liable to constant ortMion and removal. Of restricted 
extent except in the intennonian'C basins, they include mountain- 
tnradow, gra^Land and forest type soils, alluv'ial rice land and 
pt^dsolizcd soils ^ well as varieties t^'^pical of bogs and marshes, 
ta us accumulations,^ sciecs and residua] materials left by the 
weathering away oflimesloncs and dolomites. 


PRmCiPAL SOIL GROUPS OF PENINSULAR INDIA 

I^tente arid Zi^armhV This group occupies a belt of varying 

Width round the Peninsula and occurs also ou the plateaus of 
Malwa, central Ind^ Madhya Pradesh, Vindhya Ptadesh, Bihar, 

Western Ghats, Hyderabad, Assam 
^t BengaL Its distribution in Burma is refmed to later, 
lentcs result from ^e weathering of any rock, except perhapf 
and similar siliceous material, under tropical or 
pica] conditions of alternating hujcniclity and aridity', by 
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which the alkalis ajid sUica contents leached away and the 
residual components enriched in the sesquioxidcs of ^mninium 
and iron in varying proponions, Latcridc soiis, Like the red soils 
and the black soils to be described below, have developed a more Or 
Ic&s distinct profile and thus constitute a zonal group of their owru 

Latertte itself forms thin, gravelly, reddish loams, usually 
withaprofile of only a few indra, though they may He on the surface 
of latcriie caps often scores of feet thick. The processes inherent 
in their formation account for their composition being mainly of 
oxides of iron and aluminium and free quartz grains: they Lack 
alkalis and arc notably deficient In phosphoric acid, lime and 
magnesia. They have been detnidcd of niimus and exchange’* 
able bases and arc left with a more or less acid reaction. They 
are not retentive of moisture and are of little value for emp 
production generally; at the same time, centuries of prolonged 
tillage and the secondary changes it has brought al^ut have 
resulted in soils of fair quality from such unpromising material in 
parts of the Bombay Deccan. 

The fore^ing remarks apply only to the high-level latcrjtes 
and their soils, but there is aiso a group of low-level laterites, the 
best examples of which amongst many arc to be found at short 
intervals all the way firom near Cape ^morin to the Ottssa coast 
and thence northward Lhrough Mtdnapore, Burdwan and Birbhum 
to the Banks of the Rajmahal Hdls, where they are well developed 
and appear to pass Into the high-level laterites^ They are not such 
massive formatlDns as their higher rclativeSi are frequently congZo^ 
meratlc and include fragments of gneiss and other rocks. Some 
of them are due to the recoruoUdation of firagmencs derived from 
high levels, and the soils during their downward creep become 
interTEiingl^ with materials from other sources, eventually giving 
rise to tlu heavy loams and clays of the lowlands in which they are 
found* By reason of their heterogeneous origin such lateritic 
soils respond better to agriculture than those derived solely from the 
higb-kvei laterites. Though the ultimate processes involvai in 
the formation oflatcrite and tatcritic soils are stiil not thoroughly 
understood, the group b a welMefined one and the terms should 
not be «xnployedj as is frequently the case, to designate other red 
earths and soils which origmate by different means and possess 
few if any of their peculiar chemic^ and physical properties, 

lUd Scits^ This, the largest soil group of India, Includes many 
varying types clothing the rocks of the Archaean System of the 
Penlmula from Bundelkhand in the north through parts of Madhya 
Pradesh, eastern Hyderabad, south-eastern Bombay, Mysore, 
Andhra and Madras, to the extreme southi as well as parts of south 
Bengal and Orissa, a total area of the order of 800,000 square milt^. 
The parent rocks are mainly acid granites and gjiemes, though the 
ancient sedimcniary sandstones, slates and shales of the Cuddapah 
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and Viadiiyad Systems have also added their contrlbutioitj^ the 
soils from the shales naturally being fiaer textured than the sandy 
varieties from the othw rocks. Their generai red colour is due lo 
their iron contents derived originally from rerro-magnesian silicates^ 
but the colour changes greatly from place to place and may assume 
brown^ yelloWp gmy or even black shades^ owing not only to varia¬ 
tions tn frxm content but also to imperfect hydration 21s a result of 
poor drainage. The soils of the uplands are usually redp thin and 
grittyj those of the plains and valleys darker and more fertile. In 
the hilly and rocky tracts of the souths true black soils hardly 
ever occur, the outcrups being almost always covered or surroundi^ 
by red soils* but ages of slow soil creep have resulted in much intcr- 
inmgjing or in gmdation from one type to the other. Compared 
wth the black soUsp the red soils as a group arc de&cient in hunuiSj 
ma^esia, alkalis (though iheir potash contents are sometimes 
fairly high)* nitrogen and phospboms. Their soluble base- 
exchange constituents and their total base-exchange capacity are 
low. In their general composition they are siliceous and aluminous 
with much free quartz in the form of sand. As a rule their clay 
fraction Is inadequate to offer good resistance to the forces of 
denudation, and their productivity varies a great deal with ihe local 
rain&ll. 

Soils^ The black soils are often referred to as ftgar^ a 
TTOfd derived from their Telugu name Teg&^ or as * cotton soils ^ 
They spread acrem large areas in Bombay* Malwa, Bcrar* 
waiem Madhya Pradesh* Hyderabad, Gujerai and SaurashtrUj 
with extensions into central India and parts of Bundelkhand. 
^ir most characteristic types arc found on the plains of the 
peccan Trap^ in soil mantles of no ^cat depth of profile. In such 
instances there can be no question out that luch soils are midual 
pmducts of the surface decomposition of the underlying basaJts- 
^iroughout the 900,000 square which the volcamc rocks of 
the Dcccm occupy* the passage from decomposed basalt into black 
soil may be seen m thousands of sections^ Again* over enormous 
^teas the boundary of the Trap marks the approximate limits of 
the black aoilsj and wlule nothing resembling them occurs in the 
r^ons occupied by metamorphic recks in Bengal* Bihar* Orissa^ 
Chom Nagpur or Ghhattisgarh^ the black sosb appear again in the 
basaltic Rajmaha] Hills. But ail the black soils of the country 
BJe not associated with basic eruptive recks, and their distribution 
IS not everywhere coterminous, with the Deccan Tmp. Apart 
from transported examples they are associaced to a minor extent 
wth gramtic and ancient sedimentary rocks in parts of the 
Cuddapah, Kumool, BclLary* AnantapuTi Coimbatore, Rama- 
^thapuram, Tinmdvcli, Salem, Tinichirapili and Tanjore 
d^cticts of Andhra and Madras. Under stiitablr conditions of 
cimiate* temperature and drainage they have originated from 
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alluvium in river valleys^ in freshwater manb^p eatuarine fla^ 
and salt-water lagoons^ Bruce Foote believed that r/jur may be 
formed * by organic alteration of the primary products of wathcr^ 
ing of almost any rocks, if they ^ s^cicntly argillaceous in 
quality As pcdological investigations in India iacrease the time 
will come when the great group of black soils will be sorted out and 
classified each into its prown* genetic t>T>e+ 

Even in the Deccan me InBuencc of atmospheric agencies is 
clearly visible. In the region of the Western Ghats^ red^ reddish 
brown or ycUowish brown soils are to be found on the higher ground 
while the black soil is confined to hoUowa and valley iMttoms - The 
red Unta of course betoken the commencement of lateritoid weather* 
ing in this mountain r^on of higher altitude and heavL«' rainfall. 
On the o\ 3 m hand in the parched eastern part of the Dccc^p 
pale olive grecn^ somewhat sandy soils occuTi the origin of which 
has still to be explained. 

The pjTofile of a typical black cotton soil in sihi is seldom more 
than a veneer from a to 6 inches thick; transported black soils 
may be or more inches in depth without any clear djtflerentiatloa 
into separate layers. In the main they arc clayey loams^ dark 
grey, dark brown, brownish grey, bluish blade to black in colour. 
The clay factor is 62 per cent or more* i tsdf averaging per cent 
silica^ 25 per cent of alumina and 15 P^ cent of iron oxidCi They 
contain no coarse sand or gravel and almost always carry a layer 
of calcium carbonate (JfcoBJhir) between the soil and the disinter 
grated bed rock (owmBm), Th^ are characteraed by high 
percentages of calcium and inagTicsiun]i carbonates (fi to B per cent), 
iron oxide 9 to to per cent and fairly constant alumina^ about 
10 pa* cent. The potash content is variable and generally less 
than 0'5 p« cent while phosphorus, nitrogen and hiimus arc as a 
rule low. The base-exchange capacity of ngur is fairly high 
throughout its profile and It is ratha weH endowed with replaoe^ 
able bases. Chemit^ composition, however* is not a tnistworthy 
guide to the various scoondary modifications of the black soil group 
as a whole, or to the agritrultural potentialities of any particular 
member of it, and further studies of the morphology and physical 
properties of the profiles are advocated by recent fpecialists who 
have examined them. 

R^gtir then in its most prevalent form is highly aigUlaceous and 
when thorot,f.shly wetted becomes a tenacious mud, almost impa^ 
sable even for a pedestrian, but though so retendve of moistuie it 
contracts to an unusual extent on drying when its sur&ce becomes 
seamed with broad, deep cracks, into which the fina mataial 
falb and so brings about a mechanical and periodical change of 
surface. The heavy^ black soib of parts of Gujerat, Bcrar and 
other rc^ons are by reason of their hydrology and cli^tic condi¬ 
tions eminently suitable for the ouldvation of the !ong-itapLe 
cotton, htrbaegum. Various millets too are extensi^^y 
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growT) gn a great part of ih* btadc while leguminotiA crops 
nich as the pulses are important in nLalntainizig the nitrogtnouj 
content necessary for fertility where minim utn amounts of manure 
are avajiabtCh On the black soils of central India and Ivladhya 
Pradesh^ gram {Cicer mtHrmm} is often gre^n in combinattoit with 
wheat. 

PRINCIPAL ALLUVIAL SOIL GROUPS 

^ 77it Indo-Cangilif BartfL This great soil group crosses the whole 
width pf nerthem India from Sind in the west to Assam in the cast; 
covering more than a 9timber of a million square mil^^ it supports 
the bulk of the population of India and Pakistan and provids the 
largest share of their agnculttiral income- Its soils are tractablei 
Mily cultivated and respond rapidly to IrrigatiQi:! and manuring. 
Broatlly speaking,’ writ^ Sir Bryce Burt, " there are few soils in 
the world more nnted to intensive agriculture ao long as the water 

supply is assured/ 

^ widely spread a region there an? naturally many sub- 
ordmate variations in the iocm character of the soils, yet they all 
possess a common origin in thetr derivation fiom materials tram* 
deposited relatively recently by the numerous tributaries 
of the Indui, Ganga and Brahmaputra river systons. They are 
immature sells with weak profUes undjUcrenttated into defined 
honaons* They may be little better than drift sands in some rare 
imlances, altenng to loams, silts and clayi elaewhcre as a result of 
changing^ a^osphcric agencies such as aridity, humidity pre* 
vailmg win^, rainfall distribution and so forth; varying biological 
processes also pUy their part. Pebbly, stony and gravelly soils 
^ rm, Md in gmeral the normal types recall the flcxid plain 
epouts of the oclitiiig rivers. Gcol^^tj divide the alluvium into 
M olto and a newer age^group* 'Tt\e former is represented by 
tne lugiHT gmimd nsing above the flood level of the prescntHlay 
^ or ' high hind ", in Uttar Ptodesh 

usiMlly composed of massive clays or compacted 
^ reddish brown colours, mterbedded^tb 
Ixlcw a certain depth and more or less permeated 
1^ nodu^ Its commoner soib are brown, argillaceous 

_ . ^ considerably larger day factor, less sand and more 

future than the soils of the * low laud or JtA^, divkiom This, 
^ a^um, is chiefly confined to the mfimg 

^ it has to a great 

^ denved the older alluviiun by the riven which 

Md *** place, are pale brawn sandy clavs 

the greater 

SfSe " compoaed of older alluvium, the valleys 

^^ Brahmaputra are ahnoit wholly oceupL^ by newir 
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In the drier legions where teaching has not been etccssive, 
though the nitrogen and humuj contents of these alhiv^iaZ solid are 
iofWy the proportions of poiasaium^ phosphonu ^nd alkaiis an: those 
of good arable soils. oxides of iron aztd ^Icium range between 

wide Imuts, their sand grades between 6 jic and medimn^ the 
clay factor is high and the base-exchange capacity fair. In spite of 
wide Taiiations of textural characteristics, the soils are in the main 
aional, that is to say devoid of the profiles displayed by more 
mature kinds. Although the thicknc^ of the alluvial deposits 
thcmselm is probably to be measured in thousands of f^ both in 
Bengal and in the Punjab, the blanket of soil covering them is 
rarely more than 3 to 5 inches thick, its separate horizons being 
indistinguishable or but very faindy marked/ In the Erahmaputra 
valley^ and the whole of the Assam plain is one great: kJm^ or 
strath^ the soils show more effexts of leaching from a lainlail which 
contmucs practically throughout the whole year, and are conse¬ 
quently low in lime, magnesia and potash. The average lime 
content of a number of soils from the Brahmaputra val ley was but 
0'08 per cent compared with x *0 per ci^t in a number of soils frmn 
the Canga basin. The corresponding figures for potash were 
0-25-0*35 and o-65-Ci'70and for magnesia 0*50 and i *3 percent, 
in the cases of the Brahmaputra and Ganga valley soils respectively* 
The low content of lime is supposed to one of the reasons why 
ihrc^uaners of the flao,cxio acres devoted to die ailtivadan of 
tea in India lie in Assam and the adJoiiUDg districts of northern 
Bengal* 

At the other extreme, in the drier parts of norihem Bihar, 
Uttar Pradesh, the Punjab, Rajasthan, Sind and Madras, the 
interzonal groups of the alkaline and nitre-impregnated soils occur 
in some districts. Scanty rainfall high temperatures and Inade^ 
quatc natural drainage^ the result; of underground nbstructiotis 
Such as impervious days, combine to inhibit the normal processes 
of leaching, and, catisiog subsoil stagnation, are rtpoosihle foe the 
banen Lands (war) rendered worthless for cultivation by the accumu¬ 
lation of saline and alkaline earths (nh or kaUat). The subsoil 
waters of such tracts are carriers of soluble salts, particularly the 
chloride, sulphate and carbonates of sodiunL Under arid condi- 
tiom the solutiox^s rise to the surfrice by capillary action, are 
desiccated there by solar evaporation and deporic their load of 
deleterious compounds in the pore spaces of the suriaoe soil* Such 
occurrences aro unknown in more humid regions* Unfortunately, 
the mterZogipng of low groimd by seepage Irom irrigatiGn canals, 
particularly in the Punjabt is causing the extension of such tracts 
at an aianning rate- The compounds present in reh alter the whole 
cmnpositlcm of the sur£u?e soil, replacing the alumimuin of its clay 
omtent by sodium and leaving it sterile and undllable. The 
nitjate-impregnated soils of parts of Bihar and the Punjab are 
formed by much the same sctjcs of processes but they owe their 
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origia entirely XQ Jmitian ^ivitieii They are described under 
POTAiaitM. 

Fringing the alluviujR of the Indo-Gangctk plain am: the tracts 
known as ^e tAabcr and the iarm t the former Is $impLy the slope 
of gravel and shingle along the foot of the Outer Himalayas;, in 
which the water of the mountain streams disappears to reissue 
again at the base of the slopes in the forafl of springs in the marahy 
tract of the iarai. The porous soils of the bfmbar support dense 
forests in which the scl (Shorea nfbusta) flourishes^ hut low-cf down 
in the toai there is a rich growth of high, coarse grasses^ Along 
the edge of the Khiithar Range which fringes the western limit of 
the Indus plain in Sind^ there is a wclhinarlEed gravel slope,, com- 
pamble with the bhahar^ seldom exceeding 1 to s mil^ In brcaddip 
except where the riveis issue from the range Itself. In Baluchistaii, 
great slopes of gTavc]| known as dhnnw, fringe the foot of the hills, 
and often reach a width of many miles in this comparatively 
rainless region^ They occur as great inosculating fam spieading 
out from the mouths of the aurcam valleys and are gcncr^ly devoid 
of a soil mantle. 

The deltaic soils of the Gonga and Brahmaptitra arc hut the 
natural condnuations of the recent alluvial Sacs further upstream; 
of a gener^ loamy character, they are richer in humus and they 
owe their inexhaustible rertility to the widespread annual flooding 
and the renewal of the surface soil vrith fresh silt which it brings 
about. Rice is the principal crop to which two-thirdj of the wholr 
tailtivated area is devot^^ oilseeds and jute are also of grea'^ 
importance. In the lower parts of the delta^ river channel 
wastomose in many directions^ often between banks higher than the 
intoTcn^ flaiSj and it is on these that the penistent 
(AAifr) with their ty^pical soils develop. Gonditioni such as these 
doubtless give rise 10 the peaty layers sometimes found in the soil 
profiles of the lower ddm, as well as to peat beds known to occur 
m and around Calcutta and other places at shallow depths in the 
^uvimiL In the upper part of the Indus delta the whole 
If composed of loctse, micaceous sand with but little cLay^ but nearer 
the sea the soil becomes more argtUaceoiis and frnn. 

Other Albwt^ S&ih. The older alluvial deposits of the Ftninsula 
include the principal plain of the Narmada valley^ extending 
some aoo miles, with a breadth of to 35 miles from eastwards of 
Jabalpur to Harda^ its deep alluvia] soils being very favourable xo 
the growth of w^heat. The Tapi valley has a Large plain in 
Rhudshi extending for tjo miles and up to 30 miles wide, teniti’" 
nating to the eastward near Burbanpur* It is connected by 
oatTOW alluvial teU with the plain of the Puma, one of its tribu- 
x^m, and in this case the flat land stretebea for about lOO mito 
ttximnaiing near Amraoti, ’while in placcf it is 40 miles across- ^ 
both valleys the fertile soils arc derived finm the Btlfri leddishi 
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brownish or yellowish clays with the intercalated sands and ^aveli 
of which their alluvial deposits art composed. Kankar and pisolttic 
ironstone granuies are frequsit in them. In the eaiiward-Sowing 
rivers such as the Mahanadi, Krishna, Godavari and Gauvtry 
there aj^ no broad and v^ellndefuned alluvial plains of thi s character j 
though they all contain narrow altirvia] flats in places, sometinies 
of considerable extent* Brown clays with Aanhir, beds of sand^ 
sandy silt and calcareous conglomerates are all found in them. 

Along the east coast of the Pcnmsula from the delta of the 
Ganga to Cape Cotnorinj except for a short intemuption of a few 
miles near Visaidiapatnain:, there is a belt of alluvial dcpMlis, 
varying gready in breadth, but nowhere exceeding about 5^ miles. 
Jn places where the Eastern Ghats approach the sea, only a qom- 
paraiivcly narrow sandy tract remains, but broad deltaic plains 
extend inland for many miles about the mouths of the rivers* 
particulariy those of the Mahanadi, Godavari, Krishna and 
Cauvcry\ In the north* the older alluvium of Orissa joins the 
older alluvium of the western aide of the Ganga* and there is little 
diflercnce in either their constitution or their soils* 

The deltas of the Godavari pid Krishna unite and form the 
largest plain of the coast* extending over hundreds of square miles 
around the brackish^water Late Golalr—a hollow between thpn 
adll to be filled in. Their alluvial deposits arc |^rdy of estuarine 
and partly of frahwaicr origin* the former yielding sandy sur;^e 
soils and the latter dark-coloured to black * washed up * ngur. 
Southwards firom these deltaic regions the coastal alluvial xone 
contracts greatly in width along the shores of the Nellorc Md 
Chingleput districts until those of the South Arcot and Tanjore 
districts* with the delta of the Cauvery, are reached* for the delta 
of the Penner is of small extent and appears to have been largely 
removed by marine erosion. The soils of this section of the coast 
art generally poor and often impregnated with saline substancm:* 
Between the coastal sand dunes and the higher ground further 
inland there are numefous lagoons and backwaters* of which the 
Pulicat i^ the best example. Their dark^colourcd sandy 

muds crumble on drying to saiidc black soils full of orgame matter^ 
which after cleansing by irrigation become cultivable. They are 
uatially underlain by li^t-coloured mottled and sludgy clays which 
sometimes contain sandy and calcareous layers* 

The deltaic aUuvimn of the Cauvery occupies wide areas in the 
districts of TmichimpalU and Tanjore ^d extendi northwards 
10 join the alluvium of the Vellur river in South Arcot, In the 
Vellur valley there is " perhaps the largest extent of black humid 
soil of all the alluvial deposits of the different river systems in this 
pan of southern India It was fonned in an inland swamp or 
lake to the west and south of Vriddhachalam, and exactly resem* 
bles the soil fonned in the great backwater of Marakkanam to the 
north of Pondicherry^ as well as those under formation in the beds 
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of tSiXik^ in thji part of the country. D^k humid lolli also occur 
above and about the bead of the Cauvery delta which when dry 
are not unlike true cotton soils, though somewhat less friahle i when 
wet they are said to develop considerable plasticity without assum¬ 
ing a clayey character. Farther dowin the deltaic plain the soils arc 
decidedly sandy^ and clayey beds are very rare and of Limited 
extent; irri^tion however ensures its fertility, rice and oilseeds 
being the principal crops, 11 should be noted that the alluvium of 
Cauveiy extenda far inland past Tlmchirapalli to beyond 
Karur, a distance of z^o miles due westwards from the sea, and 
also continum up its tributaries the Amnivati and the Noyil. 
Cotton and tobacco thrive on this fertile riverine land * where 
irrigatjon must be almost as ancient as agriculture itself*. 

Further south still in the dirtricts of Madurai and Timnelveli, 
the coastal alJuviiun continues up the valleys of a number of siuallei: 
riverSp and especially so in the case of the V^aigai which lecds the 
plains of Madurai and Ramanathapuxam. Practiraliy the greater 
part of the surface of the coastal plain Is * made ground as it has 
been under wt cultivalion for many ccjititrici, and such long* 
continiit^ ungation has in many cases raised the surface of the 
groimd itself by Vp-arplngp Over vicr>' large tracts of country the 
surface is compt^ly l^den by paddy Acids or by the waters of the 
very numerous irri^tion tanka^ many of which are of considerable 
pEtent. It is only in the smaller river valleys where the alluvium 
is not so disguised by culdvatfon that an occasional section reveals 
Its tme c^rac^, w^ch is very similar ov^er the whole area as 
n^ly all the rivers rise on the gadssic rocks of, or at the foot ot 
the southern Ghats. The prevailing type is then found to be a 
pale red or reddish white or pale brownish sandy loam passing 
into c!ay or nearly pure sand in some places. The alluvium near 
the mouth of the Vaipar, which enters the sen north of Tuticorin, 
nowevcTj is exccptionaJi consisting as it does of dark grey or fine 
greyish brov^n silt, owing to the admiatuie of debris carried fiom 
an aim ofblack soil traversed by one of its tributaries. 

From the mouth of the Tambrapami almost to Cape Comorirtt 
the coastal alluvium is largely buried under accumulations of blown 
sand Md pmlcularly by the red sand-hills known as tah. They 
owe their origin to the ac tion of heavy and conthmoiu galea during 
s^th-west monsoon season, on the broad belt of deep red loams 
which slurts the eastern base of the Ghats. The suHace soil is 
swep^lean by these fierce winds, and vast clouds of red dust are 
away to the eastwards and dropped near the coast. There 
part^ly solidified, and percolating rain-water washes 
me lighter material down the slopes and into hdliowa wherCj 
arytng^ rather hard dark red loams are again formed which are 
IX They are by no means barren sand heaps but 

recLaimable wastes w-hich, given sufficient water, eati be used for 
cuJttvauoti. The ii'arious loealirict in the cartem coastal alluvium 
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whioc sail is mantifaclured by the solar evaporaiLoa of sea water 
arc mentioned under Salt. 

The west ro ast of the Peninsula is for the most part rocky, and 
alluvial deposits are con&cd to the vicinity of the small rivers 
dowing down from the Western Ghats, and to the badtwaien and 
lagoons which are best devebped in Malabar and Travancore and 
do not occur further notibi North of Bombay and about the 
mouths of the TapL and Narmada, a broad alluvial plain, resan- 
bling m some way* those of the East Cbast, oonmieiices nw Dai^ 
and covers the greater part of the Snrai, Baroda and Aimedabad 
districts. Near Surat it is about 30 miles wide, near Baroda it 
increases to about €0 miles in brGultb. While the alluvtum of 
eastern Gujerat consists maudy of brown clays with h^of, r«t^ 
on sands, sandy clays and occ^Onal gravds^ covered with a blaolvc 
of black soils to the southwards, the latter do not extend into the 
Ahmedabad district. In north-casicm Sauraihtia, on the borden 
of the Rann of Kutch, there i* a large alluvial tract eontm^m with 
the ailuvium of Ahmedabad and similar in character. The touth 
coast of Sauiashtra possesses very UtUe alluvium, but it reapp^ 
again m Kutch where itis &oni 3 to 10 miles broad, and tn the form 
of a blown bam resting on mottled clay with kaniar and quarta 
grains. 

AEOLIAN DEPOSITS 

Between the Indus and the Aravalli Range lies what is often 
termed the Indian Desert, though the term i* not really appropriam 
for the whole area of over 40,000 square miles which, though 
generally devoid of a soil cap of agricultural utility, 15 ^ither 
compietely baircn nor umnhabilcci- Shrubs ^md grass tufa arc 
seating thinly o\w the whole area, small trees are foutnd la 
while villages manage to toaintatii their herds of camelSj cattle^ 
goats and sheep- Moreover, it has its^ cities with thrir palf i res , 
and weib hundreds of feet deep. It is in fact a great sandy tr^t 
without any nirming water and a large portion of its surface cormsta 

ofblowasand. . 

Isolated sand-hilb occur thixyughout the whole regiotip but 
some parts of it are cuvered entirely by sand dunes. One tract 
knowm aa the thar cjttenda froin the Bann of Kutch,^ past Umarkotp 
in the Thar Parkar district of Sindy where it is 6o miles or so acrosS;^ 
to the north orjaisalmcr into Bahnwalpur and Bikaner i to tbs east 
of Rohri it sdU maintains a width of 50 milca. There is anot^ 
great tract of sand dimes further to ihe eastwards, which starting 
again from the Rann of Kutch extends north-eastwards to the wat 
of the Luni river between Balmer and Jodhpur, and coalesces with 
the first tract in Bikaner- between Jodhpur and Pokaran this belt 
of dunes is about 40 miJes acrossA ^ 

The accumulation of the sand is due to the low rainfall, usually 
less than 6 inchcs annuallyand the consequeut absence of streams. 
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In ihocsc pi^rts of R.^a^th^ui with ^ heavier raiiiJM]} or Again to the 
northward in the Ganga valleythe sand^hilb disappear. Thcie 
are DceaAional land-hiUs in the Indus valley in Smd and there are 
tracts in the Western Punjab where the phenomena of the tAar 
and the K^asthan * desert * are repeated on a diminutive scalei 
Such tTActs include the Sind Sagar Doab between the lodiu and 
the Jheluni, a barrel} tract in the Rachna Doab between the 
Chenab and the Ravi, and the sand-hills of the Bari Doab between 
the Ravi and the Sutlej. 

Dunes of wind-borne drifted sand occur in parts of the coastal 
tracts of Onssa and the Ramanathapuram^ Xininelveli and Malabar 
districts of Madras as well as about Surat, Broach, parts orSamash* 
tra and the Kutch c<wts of western India. They arc also to be 
seen on the banks of rivers in the peninsular and cAtrai-peiunsular 
regiouj^ Md they account for the bhur lands of northern India 
and Pakistan, the Literal meaning of the word bhuf being 
* sandy soil 


Of related origin are the fine^-grained, unstraclhed dust deposits 
□f son^ and regions, where the strong winds of the hot weather^ 
sweeping over a parched and liable soil, strip the rocky elevations 
of all but a thin layer^ retained by a scanty growth of grsus^ and 
deposit the soil in more sbeltered places or on the open plaini where 
it settles and aecumulaies. According to R. D. Oldham, enormous 
areas in the Son vaJ^ are covered with such material, which when 
wet passes into a sLimy and impalpable mud and when dry indu* 
rates to the consistency of nock. C. S. Middlemiss thought that 
much of the sandy alluvium of the river valleys of Idar, Bombay, 
EWT>babIy more of^e nature ofwind^bome loess than the result 
of the action of running water. But it is in the Punjab and In 
areas of enclosed drainage in Baluchistan where loess deposits 
^h their greatest development. Dr D. N. Wadia has described 
how the surface of the sub-Recent deposits of the Potwar* especially 
towards ^e ncr^^ are covered with an uncorLSolidated, unstralificd, 
s^cturclcss, wind'^bornc drift, spreading alike across depr^stonsp 
slopes and higher ground, which though soft and casUy denuded 
can atill stand in high ti^crdcal walls. The weathering of this 
iincompacted, calcareous and partly saliferous dust into * a deep 
labynnthme fretwork of defiles and chas^ pr^uced the 
chajMici^Uc bad-lands ” topography of parts of (he Potwi’af* 
Loc^ly designated as kAaddera % and in it popcndicular-slded 
ratines of 300 feet depth are not uncommon TTie loess deposits 
of Baluchist^ are described as fine^-grain^, usually grey ooloiired 
and unstratified accumulatjons of wind-blown dust, precisely 
smilar to the great loess depcaits of China. They vary in 
size pashes of a few yards across to great plains like 
mat of ThaJ-Chodali. In the Kachhl, as the plain south of Sibi 
IS caJled, the wind-blown loess is more or less muted with true 
alluvium. 
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MOUNTAIN SOILS OF EXTRA-PENINSULAR REGIONS 
Th(s outer margin of the Himalayas as fonnod by a continuoua 
frioge of foot-hills buill of the; nodes of the Siwahk Scries, the 
outermosc stage of which consists of thousands of feet of lomdy 
aggregated conglomerates with soft sandy beds imihcdiaicly below 
them- As a general rule they are sharply marked off from the 
bkabar deposits already mentioned, though sometimes ^cre is no 
distinct division between them. Such nmicxials in a cUmate with 
a heavy monscion rainfall give rise to shallow, immature, sandy 
soils of a light character ’with but little humus, on which the sd 
{ShiJTta fobmta) fiourishes up to about 3,000 feet. The hardly 
reclaimed, low banka of the rivers and their islands support the 
justw {Dalbtrgia juiiw) and the kh^r (Acada while on the 

drier and more stony low ground and in the hollows at the base 
of the hills the bamboo {Dtndrj^cal^nmLS itrictus) is commoru In the 
foot-hills of Kumaun and Garhwal, banks of coarse gravel and 
torrent boulders, generally mixed with Ferruginous sand and clay, 
line the margins of the rivers and larger streams besides covering 
great portions of the duns and chtmsx local terms applied in the 
fim-named to the valleys, and in the second to the level or slightly 
sloping ground generally elevated above the neighbouring drainage 
lines. In places where the streams c^rty much lime in solution, 
beds of calcareous tufa are interstratihed with the gravel banks 
and sandy clays. Although it is oonveuient 10 denote the three 
stages of the Siv^ik Scries broadly as the Conglommtc, Sandroct 
and Sandstone Stages, it must not be supposed that each of these 
rocks constitutes the whole of each formation. The conglomerata 
sonietimes contain sandy, loamy and clay beds amongst their 
altematioru of coarse Mid fine hands. The Middle Siwalik sand- 
rock contains conglomerates near its bascp yet the fbrmatiO'n as a 
whole is so soft that, wherever it is exposed, the whole countryside 
is in a state of rapid disintegration and in extreme cases forest trees 
are unable to obtain sufficient root-hold to thrive. The lowest, 
or Nahan Stage diffen from the sandrock mainly in its greater 
degree of induration 1 it too possesses beds of loam and ciay usually 
of red and purple tints. These minor litholqgicai difforoceSp 
however, do not appear to cause much variation in the charactcf 
of the Siwalik soiU as a whole, or of the forests with their rich under¬ 
growth of shrubs, coarse grasses and h«baceoiis plaiUs which grow 
upon them. ^Tlie particular petrologic^ cocmitudoa cf any 
part of the Sub-Him^ya/ wrote C. S- MiddlemisSp " varying hut 
slightly in its chemical dements and state of solidity from its neigh* 
bouring eou^ of Tert iary age, does not seem to be a very important 
factor in determining the nature of the forest stock. The sevwal 
rock stages of the Sub-Himalayan formations being very much 
alike in their general facies and in the ultimate material into which 
they can be reduced, produce, of ncoessity, a very similar soil 
under like conditions of drainage and aspect/ 
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The northern Imut of the XertiRiy zdae is the nmln boundary 
fhult^ one of the most eonitnnt fcacures of MinralRyan cectoiiic 
geology: it la also the Limit of the sal tree 4 nd therefore of the 
rested forests in which it is conserved. If they extend bevood it 
at all, they never pass beyond the zona of rocks of Nummnli'tic and 
Mesozoic age which intervene before the ancient ro^ of the higher 
ranga arc reached. Thus the change after crossing the boundary 
fauLt Ls a most marked one I the iindidattng duns and rfo iM of the 
j^tioger formations dl^ppeari * with the change m the nature of 
the to quote Middiemiss again, * there follows a change in 

of the soil, and in the vegetable products of the soil* The 
Jungles Lose their depth and vastnessp and their tropical charac-^ 
terbdes $«m to give way with abruptness. The country 

u much barer to the north. The hiilsida become oovcied with 
3^1 villages, each with its little plot of terraced fields and scrag- 
giu^ uncared-for jungle round about,* 

^^ttanc though g^logica! causes have been in tnfiucncing 
such changes, thw role is subordinate to that of iticreasing altitude 
and the concomitant development of a temperate climate in due 
zone ra^ng say from 5,000 or fi,ooo feet to 11,000 feet or m* The 
place of ^e s^ forests of the Sub-Himalaya is now taken by pine^ 
lorests, though many other conifers occur in this zone as well as 
ma^ohaSp oaks, laurels, birches and rhododendrons ^ Shrubby 
^ ^he last-namrf, as well as a few birches and juniperSj 
wen cross the normal edge of the tree line into the still higher 
aipine zone. ITie limit of forest vegetation is bom 19,000 to 14,000 
feet, above which the soils are frozen for the greater of the year, 

oystcrnatic sim^eys of Himalayan soils have still to be undertaken, 
and at jp^csent very little is known of their genetic relationships, 
coiap«iLion and physical properties* When the results of such 
mvcstjgatxcm ^e available they will undoubtedly reveal a great 
nj“y ebaracten, varying from ihe rich and 
g y fertile kinds m such broad tatetal valleys as those of Kashmir 
Md Nepal, or, ag;^, the soils devoid to the cuttivaden of tea in 
Kangra or D^celj^, to those of the higher Himalaya on which 
very specialized flora struggles to maintain an existences firom 
those of mountmn-forat and mountam-mcadow types to those of 

“ believed that podsolkcd soils 
dwcloped on a large scale under the higher coniferous 
ts, for they are known to possess the characterisuc greyish 

^ “pp« 

Knshnaa and Mulceijee have stated that in the Middle 

«f ih* ^ ^ icanty^ that the southern slopes 

otijh* mountain usually consist of naked nick, bare of any kind of 

®^o-slacial, talus and rain-wLh soils, 
TiAwv by the action of surface creep, may clothe the 

n™!?? »ijpport grass lands and mcadovra which can he 

*^inied to agncultuia] uses on a small tcaJe, at elevations of over 
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7,000 fret. The valUrp of thh lone are choked with drift ^vds 
and smaller debris^ ofym the ncaorted remains of morainic material 
from above the snow line, and on terraces whoe any finer alluvium 
has accumuLited the scanty population usually manages to create 
small spreads of cultivable landp 

The wUs of parts of the Chittagong Hill Tracts of East Pakistan 
and^ their continuatioens further nor^ a fewested region with a 
copious roiniali and good natural drainage, have developed chaiac- 
ten of ^cir own, deacribed by P. K* Ghosh as * laleriticHrum- 
podsolitic an earlier stage of lateritic w'eathcTing having been 
replaced by a process somewhat akin to podsolumticm. In the 
profiles of such soib, the upper layer^ or * A ' homonj is loamy, 
while below in the ‘ B * horizon there ^ve been losses of some 
15 per cent of silica and gains of nearly 13 per cent in the 
s^uioxides ofiron and aluminium and of al^ut 1 -5 per cent in the 
lime content. 

In the preparation of this note on soils we have drawn freely 
on the writings of Dr D. N. Wadia, to whom we wish to acknowledge 
our indebtediness^ 

Modem studies of Indian soils date from about [928 and are 
m Lar^ measure the work of the Soils Branch of the Imperial 
Council of Agricultural Raearch and the Agricultural Depart* 
menu of the separate Smiw, The Indian Society of Soil Science, 
founded in 1935, has done much to advance the genetic studies of 
soils on up-to-date Iines+ A Soil Map of India was published in 
19+3, prepared by B. Vlswanath and A. C, tFkil of the Pepartments 
of Soil Seienre and Agricultural Chemistry in the A^cultural 
Research Institute, In 194^ work had already commenced on 
the All-India Soil Survey ^hemc sponsored by the Indian Council 
of Agricul turai Research. 1 1 resulted in the pubUcation of a report 

in 1953 together with soil maps of India and of the States bas^l on 
existing data. It contams 3 particularly important section dealing 
with the soils of the various regions in relation to the cropa produced 
upon tbem. Under the ludo-American Tcctuucai Cooperation 
Programmej six xont$ wrere set up at Poona, Ddluj K^pur, 
CoimbatOTe, Nagpim and ^bour to study data on the fertility of 
the original soil and its improvement by the use of fertilizers. 
Statistical studies are now bietng made at the Indian Cauncil of 
Agricullural Research and the Indian Agricultural Rjscarch 
Institu^. A laboratory for research in agriculture with radio¬ 
active i^topcs has been provided for and a building for the Ubo^ 
ratory is tinder constmctlom Much of the equipment for the 
laboratory has arrived and an Amedcan technician is assisting in 
the research- In May 195^ a supplement to this projectwas 
signed in New Delhi providing for the installation of soil- 

tadng lateraloriei in different parts of India as well as for »pan* 
a ion of exis soil sur^xy zones, setting up of sod physics laboiatories 
at two existing State soil laboratories and a mobile soil testing 



7E^ rNPIA S KINERAL WEALTH 

laboratory. The United States commllment for thia project 
totalled l3S9ji85o and the Indian Rs 24,62,540 tip to die end of 
June :[954^ Another noteworthy ^vonce h the provision of 
Rs 2 crorcs by the Centra] Govcomient towards the coat of works 
undertaken by the States for the control of erosion in hilly districts 
and for soil conscryatioa generally. Much stil t remains to be done, 
however, particularly in the way of Lar;ge*scaJc soil surveys and 
mapping, not only to trace the distribution and relationships of 
particul^ ^ups but to comprehend the processes of their forma¬ 
tion and to arrange their orderly dassiheation. Such knowledge 
is of primary importance in all investigations concerned with the 
fertili ty of the soil or with the bettennent of agricultural and forestal 
practice. In ihc furtherance of these branches of pedological 
science the co^operailon of the geologist can be of great assistance to 
the agricultural specialist, but the geologist is equally concerned 
with those aspects of the subject tisiially grouped together under the 
term * soil mechanics for AlC soil itself cannot be dissociated from 
many problems of ground-water supply and civil engineertng. The 
latter include the comtruction of dams and reservoirs^ roadsi 
railways and bridges; the stability of road and railway cuttings, 
pariicuUrly in hilly districts; the foundations of high buildings; 
the lay'-out of new towns; the sites of airfields; die alignments of 
canals, and questions relating to soil erosion ai^ to soil contami¬ 
nation by both natural and artificial agencies. 


THE PRINCIPAL SOIL GROUPS OF BURMA 

The delta of the Irrawaddy consists mainly of a yellowish brown 
to reddish clay recalling that of the Gangetic plain but with much 
less calcaixous matter aad a higher proportion of sand. I ts lowest 
beds as revraled by lube-wclli in Rangexsn and elsewhere are dean 
yellow and buff swd and pebble b«ls of rounded quartz. In 
places On the surface of the deltaic clays there are deposits of sand 
and silt resembling the kha/inr of the Ganga valley* The deposits 
of the Sittang delta are of much the same nature* 

Outside the delta of the Irrawaddy there is no eontinuous 
alluvial plain in any way comparable to those of the valley's of the 
Gpi^ Brahmaputra or Indus i spreads of alluvium of varying 
width do occur in places along the banks of th^ river and its tribu¬ 
taries, but the soils of the valleys above them, both in Central and 
in parts of Uppw Burma, arc derived either from the local rocks 
of the Irrawaddian System or from the ortensivc terratf* of the 
ancestral r^cr, of which at least five arc known to exist at various 
elevations in the Dry Zemef According to dc Terra, these terraces 
display four m^or soil formations as follows! Red Earths a;^o* 
^ted vdth Terrace No» a; Latcritic Gravels, corresponding to 
Edwin FascoeV Plateau Red Earth * of Fleiscooene age, of the 
uppermost Tesrrace and of still higher surfaces; a fine-grajDed 
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pluvial produci reworked by wind action and containing much 
carbonate otlime, not unlike the Potwar Loess of Western PakiiiM 
in appc^i'wcc, found on Tcttmcs N<k. 3 4 r ^ ^ 

surfocc of Terrace No. g. nearly related to the recent silt of tlw 
great river. Betweoi the river terraces and the ridges of 
Pegu Yoroa in the Dry Zone, there are hilly upl^ds blsuActed 
widi a thin vcactt of iateritic soil and probably forming the prim^ 
fflirface. On the higher slopes of the Pegu Yoma red silts 
of aeohan origin are Erequently met with. 

The Irrawaddian rocks themselves yield thin, poor, sandy soils, 
varying between a-lmogt pure sands and jandy loams ^ they are 
ofLeti ferruginous and gravtUy and tend to form pan soils- 
nating beds of sandstone and sliale yield loams passing into stiEf 
cU^-s where s^es become the prcdoroinani member. Dr Hs L. 
Chhibber has described certain black earths from the Dry Zone 
and elsewherCj always occurring at low elcvatiom in condition oF 
restricted d rainag e, as closely resembling the Black C3otton SojJs 
of India, Sticky and tenacious when wet^ they crack deeply on 
drying and contain calcium carbonate throughout the whole 
profile with its oonraretions in the suhsoiL In the more arid parts 
of the Dry Zone* yellow and browni saline and alkaline wiU arc 

common^ . j 

Between the Dry Zone of the Central Basin and the foiesten 
bighla^ leading to the Shan Plateau* them is a bell of country 
with an btErmediate rain^l* characterized by soils with bard pans 
and high oontenta. The great estpanscs of the Plateau Lime¬ 
stone of the Shan States are mantled by thick deposits of red clay 
[terra rossa) of a residual nature, yielding somewhat sterile mils 
which frctjucntly contain Ironstone concretiom and are devoid of 
lime. Some of the older Paiaeo®oic rocks of the Shan States yield 
sandier soils as also do the Jurassic sandaicinEa of the Nam Yau 
System. There are many intennontanc basins with thick deposits 
of sands, clays and silts of fluvio-laciistrinc origin. 

Little is known of the soils of the Northern Hills and Fiontiw 
Regions beyond the feet that led earths and loams arc common 
in them* with transported alluvial soils in valley locations where 
deposition has been possible. The evergreen temperate forests of 
regions arc usually associated with a reddish loamy type of 
soil* cocnm<iiily 5 to 7 feet thick, hut of much greater depth at the 
bottom of slopes. Of the soils of the Arakan Yoma even less is 
known though they too have been generally classified as red loams; 
their foot-hills are often covwed vdth gravel and sand deposits of 
considerable thickness. ^ 

Lateritic soils me commonest in the coastal districts of Ten^ 
»crim« Detrital laterites arc also found on the edges of the alluvial 
tracts of the Irrawaddy and Sittang* as well as along the western 
foot of the Pegu Yoma. They also occur in some parts of Upper 
Burroa^ where suitable climatic conditions and rodey foundations 
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lateritic soiJs of the Dry Zone were 
foTfl^ when itt climate waa more humid than it b to^y. 

^^e_typjcal soil of ^e Mei:gui Series, which coven much of 
l^er Timassenm, is a brownish or reddbh clay B rad iiati^p down- 
mto compact, mottled lithomaiK^. The^Softhe|initic 

Sid^n^^K^i,” * proportion of sand, are rich uSSius 

and tuppon high, tropica) evergreen foretb, 

her fuller mfonnaiion than it b Dooible to iHw Tim 

H- h ^bber’s Mineral 
S P Ai\^ of th^ olmpto, wnttea in collaboration with 
" die Burma Agricuittira] Service, siimmarircs the 
«P <» .'Mf L.W raja daUing widi 

.pecul »au ,p|», „ fcltnim de Tors', Pbi^^ ,/ 
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TnMgneutep 405 

“insane*. SQ5^ aoGj aoj, aofll, 
aog^ attp aia^ 913 
nurl^ 366 

544 * MS 

EDoiyhdieniic, 939 
inaaazlLr^ 94 < 
gmurJiiMinite^ 699 
XLUunl gu, rao 

«;*«*.-*+ 4 .445 

fill reftticTyp 116 
n miTnm tii ttObe^ 366^ 368 
phlogppltep 545 
Plf^tc, 491 

ijuanap 3% 

quutzp omuDoitalp 647 
nififkDp 630 

“It, 504 

•*!iptl«, 4 j 6 ® 

OfoankitCj 937 
•chteliic* 947 
•crpmtuw, ^ 
lit^i 140 
iipylitepa57 

SMw 3 !»l 

^686,667. esa,6ga 

45®! Gao 

ftadtt, 526, 597* 53t 
fU^UTp 490 

^"•daErouiid w«t«rp Sst* 635, 6^ 

^^mnicuut^ 33a 
Alkdhn CoscDt Co. Ijtd^ 330 


■n dradi te, 603 

Mgjirmtrp 156 

Anglo-Bunu Tm Co. <70 
anhydfiup Wp 361 
Aokcritc^ 401 
WKToditCj a3& 

AotargAOd^ALupuf cciAlEekip 44-3 
■nthqpbyilitCp 534 
An^ Darm F., m 
989 

■i rd r T K' Ti i t r j, 

MBMaaoay, 367^1 

-ociu^p alts 

— Red, 090 
■patiljs, 475r^ 

- y 

■popliyUjtep jffip 630-1 
aqtiuuriae, a67p 597-9 

anmiiti^ 391 

Axalwi, 99 

liiafudi, mil in, 96 

- - li rnfyrnii q, 343^4 

-VomM, 149, 253, 343,649 

Anvalli Limatwa^ 310 
- wdbSstMy 544 

-- Sysiem, f&i* 6aOp 6ao 

Arducon Lmu^oiifp 335, 34a 
uixpoitci ^41 

Arosyaf^uuyp ILN. P-, 46^ 9 ^ 49 ' 

■ZKfiJC, 3^1-3 

aMELdrpynte, 158, irol^ w 
uteuD wstcr iu| 4 )lW fiS 7 * G59 

-wdli, 6 4S 

H —^ %ii»ellip Amiih ladisOj 674 
ubcalcap 534-9 
aiboJiie, aao 
Akak 

ubcstotj 536 
£i»j, 40-^ 
coniodma, 453, 454 
linckYs, 395 

grt j iianii]Tn^ ^98 

57 * 

P*5W, 134 
unoa pTntEi, 4M 
tim^Doap ^30,337 
mioerd tpnri^j 563 
molybdeoiECj 939 
□aibraJ 119 
pt*t, H4 

pctiT^euin, 98-103 
pUtioum, 14a 
Mit.sos 
SlEimAcitc, 417 
■Lbib, 331 
loili, 6i6p 64a> 691 
mbc^vu^lk, 665 
undergzmuMJ wbccTi 671 
AMU-Ankan Tatuuy belt, 98-9 
Ccoaefii Go.* Lid 337 
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AtuEQ Oil CcK. Lui, ioOf ID^ 

-■ Plaic^k niolkllp ^9 

- R^wmyt & TAding Cof, ioo 

Sillirmmtg Ltd, 4T7 

■ -Tcrtury belt, 96 

Awci^lcd Cement Co^ Ltdf SiOr 

^ 33<»j 334. 34*-359 f 3^r 39+ 

‘ - Miiuroii Go. Ltd, SL43, 

- Tube WfiUi Ltd, 

Ainnuc Enrr^ Onniibuicifi, 369, 

»70, ii77 

itomic pik*, a^o, 376* ^77 
AtimiJt OU Co. Lid* [oS, log, 1 id 

I53,»7 .^p 350 >^i, 
4®>. 4®a. 5<S. 4'S. e5(, 666, Sjs, 
fi 7 S 

Avnuigi conlAeld, 33 
^ufifctT™ pyrile, 135 
■uBixqJte, 374 
Attnturiae, 635 
moite* &ii> 

uurite* 14$, 14^^ 153, 158 
Ba Thi , 9 7 , 171 

BalubuHcuii Hilb, 183* iB€* 197 
Babai copper Eqiqa^ 131^ 

Babbit! EpeUl, 389 
BadnUiaa, lapii lucuEL, 638 
^iadamur eiilikd* 99, toi 
baddekyiic, 353 
Badia CDmKT mine^ 149 


Ba^i,f.G.. 45 tJ. 59 * 

Babn tneioj * MakamiUdl, 
BaJaithAt gold mine, 135 
' S., tsa, 


371,509 
449. 5®? 


Baiaxundaram, M. S., 

Balfour, sjfi, 460, 4^ 

Balkajwr oil&ld, log-io 

a-ii.s^p 597 

—, V., Siij, aj, afi, 3S. 34. is> 
*16. 148, 30&. 365, 363, jga, 514, 

. 567, i 6 o, 604 
baJJ d 9 .y*, 37G-9 
—- miil pcbbl^ 4S3 
Billupur coitfiddf 
Baltuian, 

BALVCmiTAN 
aaUmooy* 387 
«bat«,33£ 

45& 

flouei* 311 
chromite, 431, 33s 
€0*1,63-5 
^Pper, 153 

teJOfpar, onuinentaJ, GaS 
?yP»^.3s8. SSSi 3fia 

Ut3o DTO, 190 
lead* 287 
Ui&citana, 339^^41 
lt«i, €96 
■oagociliej 405 


Ealuouitam [amsimifd) 
mangancKi ti3 
mlncniJ 583* 566 

Dlhira] gaij 119 
oiin: canhi, 4 jSS 
pat, 65 

petroleum* 105, til 
prebnke^ S38 
road metdi, 316 
■alKi S<^-4 
iaJtpctre* 4^ 
took, ^*69& 
itrociUamte, 3S1 
iulpbur, 4^9^ 
waEQ^ mp^cf^ 839 
Bamank^ hUning Syndicate, aoS 
Bandar coalEcklj 41 
Eanea^* A. R, 13 

Bangmqap^e Suffc, 37B 
Bansar coalfield* 33 
jalt* 1 
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jait* 1^* 359 

Barapiinda Copper Co.* 

Barwl Serirt, 49, 5a, 87, gS, ro3, _ . 
Biiraluj: GcibI Mcaiure*, id* 11, T3* 
14* 15, 16, 18. J9* M, 31, S3, aj, 
». 27, 38, 39* 30, 3B, 33i 34^ 
^P 37 i 3 *. S 9 p 4®t 4L +4t 4S^ 

Baxiucc Coke Co., 483 
Barber, C, T,, 119 
Bar^ Hilk* 310* 347 
Bari Doab* 896 
b a ri i iTn , 451 
BasoDA 
gbm landa, 43« 
flaiiual goj, Z 9 D 
Baronga 96 

Batreo fdsncL tulj^ur* 400 
448-u 

Rtthibr * amethyst* 838 
W ^, 46 ^ 4r»-8o 
Balm, W. H., 397,410, 411 
Bauer, Maat* 607,6o0, 637 
batudlr* 341, Sjgr^* 394, 414, 417, 
49 fl 

Bawdwia minei, 138, 130, 157, 159, 
tdii [64, [ 88 , 0 ^ 1 , 398 , 389* 396 
beach landi, xir, S44p 37B, fi99 
Bedadanmu coal meaaurta, 48 
Bedford J., 49 

553 

Bdetnniic fibala, 430 
Bellara gold mliw^ J31 
BatroAA, Batt 
cetueoET 356 
namral gai, ISO 
potl, 84 
taJt, 305 

Kdli, eB6* 687,890, Sgr, 899 
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Bdtoai^ Wi!*t 
mtaic, sga 
btiUdiz^ FtiHiai, 309 

chSm dmyjL, 375 

omJ. 14 i 3 -*Srti 4 
c®PPCT> 152 
dolomite, 400^ 403 
IddipV, 307* 3S8 
firwUr*, 393 p 393 p 39 ^ 

Rvnctp 45® 

bI&h Bands, 429 
inm worltij 177 
limqtoftcs, 336 
W«p 545 

microdiiK^pcnhiie, 3B7 
zninmJ ipdn^ 365 
mcMjdiiig sand], 436 
DVbrai gsjp ran 

ccJud, 445 

pait,ajl3 

poilciy^ 371 
505 

■oaptldxiet 527 

u»d«gnniiid waicr, 6^7, 667, 670^ 
671 

venniculitt, 55* 
wolfram, 

Bengal Bard^nda Ccmpcr Co., 150 

-- Chrcmical & flLannAEeulical 

Wo^4^ 

-Coal Co* Ltd, H3, 34 

-Futbrkk S^rndicate, 3 tB 

Iraq & Steel Co. Ltdp 177^ 


- ?«tti Co. Ltd, 9., 177,180, 193, 

« 99 . SJ 9 

“— ^ Ifon Woriu Go,, 393 
7 — Pottm« Ltd. 973, 377 
bentnqite, 552-^ 

Bzfijut 

coiLfiddBi 4 r -5 
dokmiltep 330* 400 
limcfittkm, 330 
■oda. 


■oda, 51^17 
»ii,6SS,6efl 


___,683 

26;-^, 597-9 

beiyllia, 267, 26^ 426 
bcrylliump 267^70 
bnadianitc, 301 

^*«**^p ^7 W 

" I ^ametgr™iKl wai»^ 663 
Bhaipjiwala, coal, 60 
Bbun-Nan^ dimf $76, 677 
limestonep 333, 334, 336 

OfiMp 303, 334^ 430 
o^fD 

Bha^va, B*, 6ox 


Bhanit nilLqg, 508 
AAomui, 463 

Bbavna^gar, Jitbomu^ic clayip 3^ 
Milfp 

Bhiw umestoit«Bp 332, 33S 
BholEp K. L., 269P 379 
Ekofai^ 

baujdtep 939 
btiikUno luuua, 303-0 
Mutj. 695 
thititda, 395 
BtnrrAK 
00^4 ^ 

dolomite, 400 

gpumip j6i 
fMn warc^ 370 

Bi«ge. H., 55 

Bihax 

■lum ihiJct, 497 
Amaroa 5 toi^ BaB 
amrthyttp 62G 
umnooiiim lulpliate, 497 
■j^aluiite, 420,609 
apatite, 475-fr 
asbcitoc, 3^34, 53G 
baryte*, 4^, 450 
baiiailr, 259 p 2&I, 961 

bcntoiutet 553 
bprL 

blUtkuthp 294 
buiJduig ilDoet, 308, 309 
cemcnti 329 

chromite, 331* 939, 933,119 
coalp I t, 15-24 
columbitc, 240 , 247 
Coppcf, 14&-50 
diamond, 580 
dolomiict 4^ 
dumoitiehtep 419, 594 
rddapar, 3S7 

3 $#p 3 M. 396 

^allium^ 997 
^aniotp abwitT, 458 
giauHudi, 499 
gcJdi » 3 «i » 33 » 134 
ETBphite, 43G 
^ndiione*, 460 
iron ora, 177^ 17&, 179, 

183*igi 

iron pyrites, 49J ^ 

iron Works, 177 

3/4-5 
kyanite, 
lead, 156 

IcpIdolitCp 270-1^ 30D 
Jinteatcmoi» 397-9 
naagnesite. 40^ 
cuc£lin»e, 209, 917, 9[d 

™«. M 4 p MS 

™«»cliiie.pcnliiie, 587 
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Bihah (fenflMtfd} 
milktaiic}, 461 
minml 565* 566 

iiifolybdmitic, 3ag 

B77-6 

moutdii^ nock, 436, 437 
nkkd^ 304^^7 
ixiucig 445 

onumiul lumci, 36B 
p 9 tdkblaidc:, S7J 
p Ji f i num , 143 
37ft 

pyntc^ 4^t 
qiuitz, 389, 43t 
qu«Tt»tCI, 409-to 

itHe 

rubidimn, 300 
rmilc, fl4U ^17^ 61ft 
sul^Kirc, 46B 

ftlAICf, 540 

ntiium «ulphmte. 515 
«fli, 606 , te 7 * 6 B 5 i ^p69i 

itAurolitCj 460 
UflUUtr, 436, 437 
tdluxiiun^ 30a 
LiOi t67p iSs 
topM, ^Op 
foumullBCp 395'-S 
tripUtc ,477 
tube-vmlu,, 664^ G63 
ujukii«, 6t4 

uadcrsmtnd wmtcr. €54, €37, 664, 
6®^ «7 

untiiim, 473 p 874 
vuLadiLUD^ 351 
^voITmiip 24)6 
xmatirnTj 386^ 

Bihar OHm Mka Act, 546 

-Fitebricka & 494 

Bijagarb 5h«l«, 49] 

Bijawfltr Soidf 5S1, 532,^ 624 
BS So-icip 37 
Bikaner Cypaum Ltd, 360 
Binny Sl Co^, Madna, 70 
Bioti,H, S., 137* 144 

budiCp 539 

Bird ft iBip 3J44 49§p 54a 

Bntcicnpur 399 

biioiitep 394 

393-5 
--—^ KhiTp 294 

bimiutliiiutc, 294 
biimutite^ 294 
b^uioqihjjTtjCp 294 

5 tQn« linw Co. Ltd* 327* 399 
Burunpur coalfield* 33 
bitumen* i09 

oixbyit^, 3 ]p 

biadt lead* lee graphite 


black inarfaikp 365 
tandi^^^l 
-——ppili* 63 B- 9 D 
filuTordp H. F,* AAp 445 

-. w. ,5 3^ 35, 36, SI 

f-Mr t7i 4®^ “S. 363^ 6W, fis* 
blamorditr, Be fj 612 
Blcndt, A, W* G.* 592. 613, 635 
blooduoftCp fiai* d23 
bhie viiridl, 49 S 
Inchmite, 359 
Bofuro oofllfidd* 19^ 20 
bole*44fi 
Boii»aV 

ant«p 62J~3 

alLalinc wtHp 512* 513 
jqMtite, 476 
a^bettna, 535 

biuadic, 3^p a^p 261^ 264 
bowcuitCp ^2 
brcuminicr, 404 
buildinn lUms, 307P 314^ StJ 
chiem dbyip 376 
chmmte, 231^ 333 
upper, 131 
dinmand-cutliiig* 38$ 
diopside, 6 e2 

dolomitie marblep 40T, 405 
feldnur, 38$, 587 
firccUya, 395 
fuUet^i emr^ 522 
SadoUnitf p 2M 
Sbtu aazid^ 431 
gold, 129, 131-2, 134 
green wib* 571 
grmHivitCt S19 
jpindiionef, 461 
idocriK , 5 33-4 

i ltrtrfii lr, 241 

iron OKflp 189 

limeaLdnci, 336, 337 
magnciiie, 404 
nugoetiiim chloride* 55B-61 
mansinor, 206, 207, 208, ^9, 
211, a[|* 2t4^ aiS 
lEtarb le, 385 
nufijtonei^ iGt 
MjneriJ qmngi* 565, 566 
lULtiiral giajp 120 
ochm, 44E 
nil r rfincT iq, i [4 
pomoDOp 52B 
caicdalli 850 
rZiodonilep G39 
lalt, 502 
laJtpctre, 468 
list#], 320, 321 

mUM, m, 687* 6«a* 693, 695. 
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rpcxsartite, 603 
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BcnoAV (tptttumtd) 
tiiip t 63 

tubc^^vdli^ CGOj GBj 
imdcrpn^uiad wftt 4 r, G55, 636^ BsO, 
6e0p 665, 666 
mUrazd^ 046 

BomhAy Fottcrfci & Tiks Ltd^ 37S 
B^unbuy-Sewrec CZkoniial Ni^auToc- 
turing Ga. Ltd, 
iiTO ore, 1 jT 
horwx, 54^-4 
bom carbide, 5^3 
Eoruahj ^124, 9^ 

453. 5®5 
BoKp ri. CL, 667 
- , P. R, 173, 164, 135 , 

4 COp D17p 699 

-N.,1^ 

boulaog^tc^ I 
bournanite, ijS, 1; 
bwmtCp 631-9 
Bowk & Home, 976 
Bnbmwu cxuIBm, 95 
Binbinapum VaBcy, Kib^ 690, 691^ 
6g« 

bru, 150, is3p 167 
brwicils, 909, 9 i 0 | ati^ 912 
bnzililc, 953 
breeder ixacton, 976, 93t 
bmmiDcrite, 4114 
bridu^ 316-19 

bnoo^ uiidyi^ 360 
Brilata&u, met^, 2^ 

Bntiih Bunas Peirokum Co. Lid, 91, 

brochiintiic, [58 

^«*®**“p 503. SS 3 p 559 
brown cost, 69 

--wtbdp 446 

bnicite, 264 
Buddsndp 69 
Bu^i HLIU, T10 
building Itonci^ 

Bohjma 
ailsitc, 303 
Smber^ S29-3 O 
siPCthyM.^ 696 
uumcKiy^ sBB 
spsdtc^ ^aQp 610 
squsmsjtfic^ 598 
lHTytc*,450 
biroutfa^ 994-5. 
buMiz^ wtoncip 3T9, 313 
CCOacnt, 351 

chsJcciiotuc quirtx^ 694 
cbiiimdsyi, 377 
liiioautc, 933 
chmobioyl, w>3 
oosfc^ST^ 
oobsltp 933 


Bliua {mfuiud] 
copper, 15ft 

s iiiphste, 496 
danbuntc, 611 
ddocnxiep 409^ 403, 404 
clscolitrj 6^ 
cmuriiepBiB 
epldote, geiUj 613 
BbrulitCt 607^6^5 
Buorile, 556 
8*>Idp ; 33 » * 34 .136-7 
gTspbilc, 440 
gypKtm, 3 ^ 
ioliiEp 6cn 

iron om^ 191 

MejtFf ^-7 
kofiiDiipbir, 619 
Upk Iwili^ 638 
l*«l. l 5 J -<3 
iepidoktr^ 97E 
lignite, Vs-T* 

Itmatoao, 349-5 

muguae, 913 

mtirblo, 365 
mica, 546 

mLocraJ ^rlsgi, 566 
oKilybdetiitei, 939, 240 
itHMoitanep bsS 
immidiiCHiitCi, E 99 
nslunil g»> I [8, 119 
aidcel, 291-3 
och m^ 447 
pi] ihsjcip i:] 7 -id 

pmamenul etoao, 367 
pe«,8s 

poidoC^ fipfl 
pclToleum, 86-97 
pbensidte, 617 
pllinnin, I42 

POWOT- 370 
rockcryfisl, 626 
tubcBiiCj 595 

"tbypsfir:® 

ruiikp 616 
■Jti 905 
upphLre. ^ 0-1 
ics^ite, 618-19 
iclmiin, 3.63 

icmi-piTdom ftooci, 620^ 

639,630,634-Tj SiBj 640 

jiliimamic, 418 
f ilvex, 13B 

“<*^ 5 * 4 -* 5 . 517 
KxUuin niiphstc^ 517 
toU groupie 7™^ 

Sgi. 59a. 533 
ctxsmtc^ 599 
mwtonc, 699 
tin* 166-75 

^opM ,594 
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IkmuA (£)$iill»unO 
595 

tube-wdli, 663^ 671J 675 
tUDpten, 247-^ 
undci^ixiiina 6C* ^ 

uvwjvii^^, 665 
i^Titer power project^ 67B 
line* 164-7 
Ein»n, flS3, 596-7 
Bunna Cancnt Co. Ltd, 3,51 

- CcFTpondckn Ltd, 74* 

(57, i&ip 164, 166, 2B9 

'-- Gold Dredging Co, Ltd, 1561 

14^ 

—Mm»Ltd^ Tg7 

--Oil Go. Lid* 07 

—— Ruby MliKi Off, 567 

BurmAh Oil Co. Ltd* 8€, 91^ ^ 

iWp lOtj 109 » I09| tJOj 11>4 p 

130 


lMinait£, 630 

Bum Sl Cd. Ltd, ijt* 177* 1919, 236, 
S'8. 37 ‘» STfl. ^ 7 . S 9 «. 393 ( 4 » 7 » 
„ 4 * 9 ; 4 « 3 .*a*f 55 ® . 

Buhaieer CoaJ Co. Lid* 4A3 
Bfctrt, Sir Brw* 650, 6^ 

Bujta*i, R, C* 273, 6ig 
BuuSerict, 400 
B^wujec, B. P,* 6t Go,* 399 


i:adiaLuin^ 295-7 
cooiump 370, goo-i 
cumgprm, 625,6^ 
rAhm iae* 15B 
cakite^ 331* 323 
ealrbim* 324 

-eblondc, 335, 553 

cyanamidc, 324* 465 

-uitmte, 465 

CLujCOtta. 


ttnd tuctul, ao7« stg 
audcrsmmd watedr, 667 
cnliTomiic* 633 

C&cubay* ugatCL, 621* bn* 623 
Guupbkl* J. :UL, 622 
cuicnuice* 640 

Copper Co. Lid* tfB* 149 
CMThooadii, 45a* 565 
carbamndum, 390 
“«|lite,47a, WtSSfl 
omdUn, 691, 693 
wnotit?, 353 
aiiiicrite*t3t, 167-73 
catr ^c, 6 o3p 6m, 625* B36 
maguoiu, 405 
-— $od*, w. 560 
Gawnpm Cbetoicul Wgrki* 494 
447, 568, 571 

345-5^ 


eemojt wui^ 3|T~6, 35*-6 
Ceotnl Board of Imgatum, 651 

QiM^ & Cbri^c Rj»earcb 
lonitutCi 3B0, 434 

- India MuigaocK Go. Lldj 

— ^ Tndmn CaadBddfl Ltd, gi 

-Indian Muiin^ Co. Lidp loB 

—— ^ Fmviacia Mucguaoc OfQ 
Go. Ltd, aoOt 314 

- ^DVuicm Prtnpcciing Syndic 

cat^p 209 

-Salt Reiearch Inititutn, 

— Water G qffnfT?T.«H > n , 

676 

ceramic prodneti^ trade* 379^^ 
n^Tuxu* 302—6 

- cartlu, 2S2 

emtuutep 156, 2^ 
ocryandtct 2B7* 

CuYtJCur 

aodal-mite, 609 
aiutefodixe* 23B 
Badddcyite* 853 
cHiyiob^l,6^ 

fcS'gUMllilF, 339 

6o7i 615 
B*»phi te. 437 
hasdidiF* 605 
LxucTupiDC, 619 
monasitep 377, 376 
icnooniEDne* ^9 

™by, 5S7 

rutite* 241 
lA^biR; 591 
foinel, 593 
moriaiutej aSt 
Lborite, aS[ 

asSp 59 ^ 
ceyiomlep 593 
cbabaDl^ 566, 57t 
Ghakai mllield* 36 
Ghakn*l.CLjp 
Gbakmvutyp B, C^, 33 
chalcanthltc, 496 
nhnkgdpgyp 631* 622* 623, 624 
chalcocitep 14®. ' 5 * 

* 3 ^ » 46 w < 4 ®. 13O1151, 
)S9r 133. 13®. >®®. 17 ). aaa, 348 
(Mtr fflppcf pyritn) 
chalk* 32T, 323 
Oialkf^^ 

Chinibal pnyoci; 676 
Cbaioba 4 Go.* 545 
i^ampMita' Bcdi, 320 
ChaiDpioa Granite (Gann)* 124, 
139. [32 

- R«rgt^d matep 123, 126, 137 

ChaaDe Bitia, Ltd, 364 






736 


IN 1 >]a'i uikeral wealth 


Chuadi 

CliAiidakr, Dr P.p 319 

D. IL, 153^ 337, 40ch, 419 
UUDonpurm coufiddp t0 
ChAcr Qicnma m^g?, >^3 
ChAnEuiimrOp 621 
fAjniAii, 517, 31a 
chain, 6071 $98 
dujxwu troDp 197 
Chaikhftri Miniog Wori% 363 
307, 315, 366, ^jOS 
dlMlCTi C. W., €33 
Chaleoi, C. C-, ^ G68 
Cbintricc, D, K., tSs 
— 

--^iP-K.,a 4 , iear 349 , 44 », 3 ei 5 

, S. JL^ MS, MCI, 594, 617, €s 7 
Cliatluniil Hdriumm, 54J. 
CimuJKwifiddp 90 
chcnllti^^ 

Chmiaitjsji 
co^Jieidp 31 
nicfkU, 649 
chert, 4^ 

Chctty, GO(P&li.kruUUiiuKp 578 
Ojydr Group, 533, 578 
ChnAtachuni kjuidUcf, loa 
H. L-^ 137^ 14^^ 

^□p ^5^ Tor, 7m 

Chichalip ciTiJp. 69 

Cfcilj BxltpciTEp 4^p 467 
thina cliyip 37^^ 

CMUmVfTK VaE-LEV 
iiAiil, 68-9 
gold, 134^ 13S-7 
pJaiinump E4^ 

* C^ini * maox workp 370 
QuEiur-Sacdraip&li tmJf mouurEip 45 
Chimaiii ctniarldp 3^ 
dmiiiy 36:^ 

CiimiAi. 

aniimonyp 287, 290 
■ixnicaJ pyril^ 293 
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Nwb-Weit FmntleT Province, 

Ortna* 35-5 
Pu^ab, Went, 59-63 
B^juthan (l%iute}j 73 
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Cotter, G. de P.p 97, 117, ix8p 

339 * 49a. 517* 6* €38 

cdtion 9 oU* 6fio 

CouJKm, A-1*., 28, 29, 5a, 3S, 156^ 
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decormtive Bat-43 

Dklfh 

blue VlBElp 3 JO 

37^7 

poitcfyp 370 

Ddhi ClotE MUli Cbmuca] Worbji^ 
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55+-^. €33 
PuanpoT, 554-7 

. 85. '3‘f '87 f 397r 443. 
4S&J 814, 62^ 627,689 
fail lentt, 6(10 
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G^-K^bSli^jcci, 67® 



74 ^ iwniA^S MI^*E 

Gua^ptir Scriesv gsS 

Stan^r lime Be DoloinliiC C04 
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tifi3«=fEoQca, 337 
nuUnoaca, 

Quoad 386 

ulT* 308 
iUta,3i9* sal 
*oili, 697 

HLnddstjm Copper Co., 14B 
Hiodustan China CUy Worhi, 376 
--GUu Wurfctj 4x8 


HLcidusliJi Sirfil tid, tofi 
Hiiigff cfidfidd, 95-^ 

Hira LiJ. ^ 7 , 99 , «,3A, 35 
Hirakud pet^M, 676, 677 
Hinupnir firm WartB, 193, tog 
Hfiare MBkT & Go., 542 
Hoh»n.C.V.,37 

Holland, Sir T.* ky, 148, 187, 336, 

273. 45Q 

bolUbdite, 2x0,111 
hotmium, a8£ 
hdnd, 4^ 

Hfiwiily bride eattlu, 3x7 
HdpJciiii &. WilUattu (Travucfirr} 
Ltd* 443 p 379 
hDtiprbgi, 5^5. 5^ 
bOblKTItr, 945 

Hughfil, T^lVlH.,ao, 21, 97, aS^ 

99,30*41,44, 184 
ffukawng amber mlaci, 629 
Huuday, A., 248 
HiioeIci* hem, 321 
Hutar coalfield, 9%-4 
Hutti (NizamV] Mina Ltd, 130 
Hyttoa, T., 4^ 

'* byBidnih 003 
hjditc^ G34 
HYtHHASACi 

andaJiuiic* 429 

ball days, 379 
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CnOoitj 34B 

tiuDA i^yj 55 a 
cUy pnidueti, 370, 360 
coai, e»79 
MOW, 133 
dichioiiutcf, 334 
rcctUlWl, 473, ^7 
ftuoritep 556 
Gttnuzi alvcTp aay 
Blm-wMTc, 43a, 433 
sold* t 37 
^pbJte,44a 
ifoQ Atbd itcrlj aoa-5 
lad, 163 

chlodd«p 557 

ourble, 566 

injc»y544p 545 

OuDciai oih, ii5j 114, I {6 

nitra^noui wnpoum, 483 

cr^icKnt, 29a 

Fhainu, 4^ 

Finland cancq.tp 34B 
poUBnum ulti, 473 
■Jii 510^ Sill 51a 
ultpctra» 45s 
dlvcfi 

■odmm ooiopoundip 519-aQ 
lulphyr, 494 
w^uricAiM, 494 
tin. t73 


HiffoaTf (cMiHWurf) 

EUK, 1S7 

" Im^cl 'p aa^y 334 
[nditw oUfKld^ 88 
IndiA Cenuflii Ltdy 550 

I ndian Al iTmlnliiirt Ltd, il8K 

-- Cj^Ic Co. Ltd, 197 

-Cemat Oo.p 347 

- — * Ccrimk Sod^j 580 

-CoilRddi ComroittK:, 4, 5 

-Copper Gafpomtioo Md. 

4*S* 

-Gfucible Qk p 440 

- Iron. I&. Suid Lldf I 

*93p ^&4i l&9t 43®j 4™- 


^ Mica Supply Col, 54a* 545 

- - Rare Eardu Ltd^ 379 

-Steel & Wire Produett Lld| 

- Siccl. Iron & Ghatmie Go.| 176 

Icdicolitie^ 596 

uidiimLp af96p 397 

Inpo-AMimiCAN TidfiTOAL ^ 
orifiATia« PhonKAMitB 
poll invoti^iinei turder^ 699 
tube-wcUi iJiKlcr> 864-5 
Indo-BumEA OClReldi Un^ 95 
Xodo-BumuL FetrolniDa Go- Ltd, 

Inio^aiii^ic aUuvium, tinder- 
^Tound wfttcfi 6G3-6 
Indra Sin^ &. SOUJ Lid, 31 
Indw dclttw 6ga 
* Invar \ 335 
lodixcd wAtoi, 566 

iolitc, 606-7 
mdlyaf, 143^ 144^, 145 
indooninr, 14a 

iroo^ 176-^04 

-, Biii1yKi> 194, 19& 

-and lied trade, aOE-4 

- - OTC, anaiyief, 178^ iBi, 18a, i 63 * 

iSfy 185, 166, 107 , i^p 
iftM ore resefvcip 191 

-Ore Seriei, 135, 179, tSo^ 639 

- - pyriteo, see pyrite 

-stilpliatep 4^7 

ironilancj 183, 191, gllj 695 
ImiLitoae Shafnij lOj tj, 15 
Irrawnddy S^ei, uoder^rp*^ 
waterp S63 

Irrawaddy BG, 87, gor 9 ^p ^ 

iwmne, 34! 

ItJibon eoai6^d, sf 
lyccEgor, B. B. C., 188, 335 

-,M-S,T.,676 _ 

^ F* Sunpatj 139^ 185, *®®p 

ala 

'jaciatb % 605 
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jafipbnio. aiOj, ata 
jfBdc, 63A 
.JBtotC, 634-7 
jukiuta, 030 
JuQti coaJfidcl^ a 
JiuatiA HlQi^ c^fiddv 51 p 

--Series 4^p ^ 

Jupur caal5dd^ 

“—— Minus Mad. 

Sy^kate^ 5jj 
jamcHmitep % 8 y 
JAMVU 

ccud| 56-9 
tlokkiiiitep t&i^ 401 
laJc, jflS 
xinCp 16^ 

Jmmwv Mbcnlt 
Syndicate^ 

Jamihcdpur Iroti & 

>66. m. <9i-7< 30.399 
. atper, fiag, 634 
. ■yvkm, B., 336 
Jayazimanr N., 561 
Jayaarcc FOcccrict^ Bombay^ 379 
JayJcaynaKnr Alumimum A^uctiAi 
Workip 3S1 
Textlacip T. CL, 37 
Jcjwp & Co.* 177 
Jhisnkhuid coftlfieldr 37* 39-30 
JhitHivjLnr liiDetioujo, 340 

jhma, 14, 15 

Jhdnzi tsDKlocld^ 53 
jEunacMlfidd, 15-19 
-finekyB, 394 

--j Sfiifcrva, 17 -yS 

S baJbdd, a7p 33-3 
coaliuidj 66 

j Ax Dxj 3*3 

bio, 581 

4itd Mido Co. Led, 133 

i ilbari* emtJ seams, 23 
Qv FaJljp 198 
willa tdal^d^ 38 
oho Taylof Bl Sqoi, 125, ttlj* 130^ 

Jobtuoa Maethey k. Co., 398 

Jena, E J.p 37, 67 

-, H, CL, 178, 179^ 183* sQS 

"-i W.p 51, 148 

-*W.R.. 375 

Jod Panhad* 599 
Towtii, 20 
joym Mair □UEcldf 109 
Juzajuc cckaljp 48p 61,67^ 

'-^luucttooa, 338* 339, 34ip 65a 

--nxJu, "^vmter ruppua^ 656 

juveoilc waten, 647 

Kabwci coolBcld, 68 
Kaimur Range, 337^ 329, 334 
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Kaimur ^aoditciuci, 30S, 497, 580 
— Scrio, 430i 491 
kaxuite* 473 

KaJa C^tU Razigc, 105* *06,1 [ 339 

KlJaba|d> ooa£6dcip 62 

-lalt mine, 507 

Kaladgi Serto, sjS, 431, 46] 

Kalakoi coalfida, 56, 56 

AaliCa7* 691 

Kamanim cotJftdd, 45-6 
Kampiee oaoccalcd coalfield, 38 
Cfwro, 41^ 42,44, 45* 46 
Kanbauk wolrram miT^ci, 3^ 

Kanrhani^ir aniiclLnei loa 

KAHOItA 

eoppCT, rja 

fluonte, 5^ 

BoW, >35 
ochita* 446 
Alatca, 319 

Karngra Valley Slaic Go. Ltd, 319, 
320 

Kiolian Valley coaJfieldji* 37 
^ankoF, 312, 314, 321, 3«, 523, 3244 
^ 3^3. 3»ep 345- 669, 69^ 693 
luusncgin Hiiij, C30a] mwoeca, 47 

'">•19. 373 > 374 i 375 . SA 377 . 37 B. 

“«»»(«. 373 . 53 «. 539 
Karachi, oudagbamd water, 669 

K i facM rcgkn, limestoilclp 34a 
Karanpura cnalfidds, 20-1 
Kare^j 
limatancSp 343 
mineral jpHu^ 566 
libena^itTp 617 
tmcnncp ryi 
nnumaiiiiei 595 
wolOram, 248 
Katewa Fonnadon, 659 
'-, waifif lupplki, 659 

Kam^Ulirprvject, 677* 678 
Kanmakaxaup <1* 4^ 

■ Kashi - moiaiff woA, 370 
Kaaiom 

ibcaadvi; haffj 463 
amMygooItn^ 271 
aquMUtrioe^ 5S8^ 
mdfijie, 610 
{“•OW*. 44®. 459 

DUBd 10,260 
bcanaoilCp ^3 
twylp 598,6i6 
boraa, 522 
bowciulep 631-^ 

raHrwtufFi^ 296 

china days, 377 
opajficldbp 5S-9 
coakeice, ayt* 615-16 
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KjinnciR (amimitJ) 
dc^ipcT, 151. J 53 r *51 
uppcrH, 490 
txmmdum, ^3, 45S 
dolQq^itE^ 1^, 401 
dunU«T 424 
cpidatF^ €[3 
etjfIsXi 614 
134. 

gnpluic, 44a 
grvund-vnter, 6551 
35 ®. 361 

lumboi^ V15-1S 
lazulitCT 0tG 
l»d, 156 

. „ 

zniDcnU spnngji^ ^ 

nickd, 222 
noVKiiILiFp 463 
444 ^ 44 ® 

pnlmitc, Gl6j 638 
qu«itx^ 
ruinfiill p 6^ 
net i-rysial, &16 
rubdtit^ 5^ 

*»ppiiift, 589-91 

BlstCHji 330 

rnnky <iw*rt*i 61B 
w^i 517 
098 

^tpodiiUiAac 2 f I 

i*fc* 5!ta 

tounnidiniep 596 
uvAitrvite^ 605 
idxibCp 1E4 
zobitc^ 643 

Kftdiinir Muml Do., 5910 
KuiUr A. jpnU 

Kmirr H. 364 

KwavjHJkR 

diftPiiiiic, 23 ir 432^ 43s 

cobtll, 22& 

iron crreip iqe 

miinpiDaep 207» 4 t>gip 414 
alcket^ 234 

Tuxadlferioui magnetite^ 232 
kerrowte, 287 
kemitc, 534 

Kctt-Ow^ D.j 125p 152, 164 
kksdi^t 7™ 

Khiir]^^ fiillfir^i wtKp 351, 352 
Khaiip A. H.p 432 

-, A. M., 43a, 563 

-N. M,, 6s 

--, W. N» =37 

Kluiagbodip 5^ 

Kuilwvji Hjlu 
qurlxitEf 410 
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KmamicfCr iliLU (rantoonf) 

data,-320 
khmi, 515 
lAflir, 514 
KiwiiAWAW 

dunwtkritc^ 394 
kyanibep 419 
lOfW rwJCp 490 

Khad Hllli> toalEddb^ 31 

IOlbii Miim Ca^i, 4^7 

K.h«ur cril^dp 10&-7 
KheAkjct^ V. R. R.> 1% 45S 

KKetri copper mlnop 151^ 323 
KheWTA l*ft minap 5^7 
KblrthAt IbtestoDcsp 3391 34ap 

-- Series^ 339 p 34^*. 568 

Khondalite Swa, 41&, 43 ®^ 
Khaemtuop lurQUoiic, 642 
Klio«l-Sbaiigh-Ham*i ccmlficid^ 83 
Khotwip 631 
JchtiddtfOt G9& 

Khyber Agmsrf , ubeitpap 336 
]dd “ 


KiddJe^ Rem & Co.^ 208 
kicsen^, 473* 559 1: « 

King. W., afi, 34, 44, 46> 4®. 69- «S 
3 q 9. 537, 578,,6^9 
Kodarnui mio licia, 387, 

Koduriie Series 209^ i? i-i2> 6w 

Kohat, uJEp 308^ 5t»B 

Kjdh-I-Nur diamond^ 578 
Kob'i-Sultaiit 4^4 493 
Katiiiisinf cel^tite« 5^ 

KoMi, G.p igo 
KoLix sokl^d^ 144-7 
Kolban Seriei^ 320 
Kofikui Minins Co,t 189^ 

Kopili Bcdit 42 
Ki^ milfkldp 27 
Korba leiilMdp 35 
Koreasuh ccMlfidd, 31 
karnerupifie^ 019 
Km 070 

Kothigxidimn cnaJfi™* 46-7 
Kiemcrip Hr 

KfiihnaL Mliiiiig ' ‘On->p 4^ 

Knibnaifa^ A^i 543 

Kmlmiii, M, S,* *vi. srtiii^ 5* 47 
70. 65* 1787 tn^ iS8. ®*'i 
269. 3i4t 327f gSlf 399. 449* 4g» 
476p 470, 480, 4®»p 53®p M5 p 5®*^ 
SB2p 5&4, 577. 6bs, 698^ 
KriiiinMffwamtp K. 4781 5®^ 

-* Sm iSSp 3^* 33®» 438 

KroL Serietv 402^ 508 
W, J.. 200 

Kruppa It Demagp 20l 
KuJti ifOfl work^ 193* 3^9 
Kirxjo 

himmlh, 294 
trappy 153 
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Kxnx (comirnied) 

156 

tCunuirdliubL FifKlAy -It SUica. Wofkl 
Ltd. 393 » 409* 4 i 0 < 4 Tff, 4^1 
Kumauk 

dalaiditc, 403 
sold, (^5 
Sraphiic, 440 
Sfypiuiii, 361 
Qipuncsii, 
realgarp 
iIaic% 3ig 

Kumaun Irtm Wotki Ca. Ltd, 177 
Kundit KjLTAiit culfiddp aip aa 
Kur^a-Chirtalri ^o-t 

Kurd^MalLa Kbd coaLfiiidj Sv 
KumocJ limeftoncSr 33a 

-Scries, giOp 33ip 339 ^^ 4 ^® 

Kumm Qsrai Prbjcctp vyB 
karwKdam, 433 

KujhiJg^ liiMtonc, 3^ 53$ 
Kular^ FbmiZp 197 

Kurew 
•luin, 497 
building lUbiCS^ 310 

OrccUyi, 3&5 
rt^csr't tmnbi ^ 
sSo^l 

iron pyiitfS, 4^0 
Uthognipbic xtoaei, 567 
milliioiiei* 461 
ocbra, 44)5 

ttndiionci^ 31^ 

»il 4 , 6 $ 5 , 6^ 

mbc-wclli, 650, 665 
und^rgrouiul wmterj 65S, 659 
ICTaiiitc, ^!cmj 607 

--rd'ractcHry. 4 [ 4 i, 4 iS 4 4 l^ 4 i 9 ~ 9 i 

KyaukkoV Sanditpncip 90, gtj 95 
Kymukpaiiat eeuba'^ 13B~4 
Kyaukpyu ciilfickb^ 96 

LobewdcrilCp BaB 
Lacro^ A., €16 

1 .A 13 AEH 

aqummariikep 5gS^ 

5 aif 5 ?£t 
oappcru, 4^ 

»daj 517 

LaTu^ Ahumntna Cement Cd. Ltd, 
2S4 

Laban Itsdimrioli Ltd, 3^ 

Lahul, atiiinumy, 367 
Laitnm^ taalfiodp 31 
bke«ai^ ^ 

Lakhaupur coaUidd, 33 
Lai KotJ SOiiCa War^ 4^0 
Lalkaka, fi. Srp ^ 

Lamcta Bcdi» 3071 329, 571^ 653^ 66a 


Uii|[bdztLcc, 479 


Latimn c«ll 


aSi. aS3, «a| 


lauthuiiild, 9777 
Luiywa oiLBcfd, 
lapd luxiJlp 637^ 

Laj Beui 
barytei( 450 
luneitdius^ 339b 34a 
numfoiiesep 9 E 3 
mlfiCTB] spnn^i, 566 
imid vvlcw»c9| 105 
oil prodpeedag, 1 Iti 
pcckoiiCi 63B 
f sandaiiltet s6i 
La^olignite oeldi 74 

X^a^kMTp B.p 

laierite^ 3*3. 313, 316, 

-qiiBfTySngp 3*3 

'—‘p water iiorafle cipwpty* BS9 
Uueritic will, 686-7, 7o*^ 
lateritoid deppritip aog 
La Touche, T* w* 34, 36, 3a, 51^ 
36, 60, 74, 134, 19a 3714 309* 5S34 
367* 569^ 59 ®. btfi, ^2, 643 
Lau^^ B.p 639 
LauiEbOBdtr, 

^ lava * grade tak, 423, 333 p 331 

LaveUe, M-F«p 

Lawm Gold Mlnci Ltd, 133 

LawtiiJ., 4G6 
Uxiiiitcb 6*6 
tazurilEp 637-B 
Lea, M-, 346 
bad, 13®, f 
licoaimg oBlneldT 90 
Lrinatcr, F-, 675 
Lean Mming Co- Ltd, 169 
lepidolite, ajo-i, 300^ 539 
Lepphcr, G. W.p 97, rai 
leuofiyrite, 392 
UbcthecJiep 246, 273 
Lignite, 69^74 

- aoalyxi, 70* 71* 72* 74 

Ufae, 323, 394 
Limcatfaic, 32 E -45 

— aoiJywi, 32a, 330p 331* 333, 
3 B 3 . 337 ^ 34 E. 34 S 
ca™, 344 

lloswte, vBl ^^ 5 , ]SB» iBy, 199 
LLogala caaUidd, 47 

JifiTfaritCt l^p 22B 

Lilh nl^p ccal, 24 
lithia ouea, 270* 300 
Uthiqra, 30a 
Blhographk itonc^ 567^ 
lithocoargc^ 373, 532, 702 
UthcfKuie, 4!^t 

Utfow dumetsb ucdcrgTDimd waccTj 

m 

t«**, 655,695 
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Lchkh CHlEdd^ 67 

t^ogile, agip 39:3 

Lonix lak«r 5 i£"17 

Lower GoDowAfiA Ca&lfiddi| 11-40 

-—— Sind tKiTii^p S7O 

hicetium, 386 

Ltofiaj KLEli, 

Lyde, L.W*p $51 
Lvdion SiQM, 463 

McCdland J., 33 
MacDondd, W. R., 541 
MmJ] coal£cId^ 04“^ 

Ikiftdtmy & C6.t 177 
MickiinAOU Mkckcnlio & C&.^ 15S 
Maduisi, I 33 | 134+ 135 
Midhu Lu Doogftr Sy^iate, 3118 
Masuva Bhakat 
ubotpi, 535, 537 
biiy^430 

tndldi^ iidiu^ 307^ 309^ 310 
djqlomiud nurbl^ 40O 
kioBnp 377 

333^ 333 

□iMitgaiuse^ ioSj wS* oogi. 318 
mvbkp corAilinCp 366 
ochxnp^ 
pyTO^yllitrt 538 

litte pencil 331 

lindergitMmd wfttcr, 853^ 638 
Madziva PAAlUVtt 
535 

44®. 45 “ , ^ 

DdniAic, 358^ 3 Sc 3 » ^1 

buikiing 307,3<ai9^ 

JI3 

duJcedoiuc qukjti, G33 
dkifii dAy-ij 377 
cotL^ 3B-43 
copper* 150^1 
cermidup, 453,434 
diuucmd, 380 
ckJennite^ 400, 403 
dvznartkritc, 594 
«pidote, 613 
Tcldiipar, 387* 388 
trtKUyiw 394 - 395 p 39 ^ 

BikN 3 I«, 556 
fulkr*! aith, 33a 
esUiuid^ 307 
gATtket rock, 438 
^ua unds, 430,431 
giAaconite, 571 
gqjd. 133 
piAphite, 43B, 440 
iron cptt^ 191 

iroc worka^ 401 
l«uliTe^€i6 


Majpitva PttAOliw [carOini^ 

iepidnliie^ 371 

Uwsiemjdp jajF^o 

imngnnefc* ibC ^09, 2iC^ 
ail, arj^ 916, 917^ aiip 319 
pwbk, 365 
micAp gmn, 353 

QullaiXJtmaiji ^6[ 

rntnereJ iprings* 566 
i2iCHilding undip 437 

444 ^ 445 
onyx, na3 
pL«ti]ontli«p €^9 
iqwiutip 389 

-, roic* 6S7 

ipiiirtKim. ptciip €37 

iwL&JI, Bs* 
rbodnaitCr 639 
rubidium^ 300 

ruLUc,6t7 

JArddiiyx, 633 

lilirA undp 409 

lillimKnicc^ 418 

iodium CATwnAtff* 5^6-17 

poilAp 6fl6, 687. 6B8, 6^ 69s 

ipawtiiei 603 

IrpurmAlifiep 396 ' 

tubo^wclU, 683 

imdcTgTmmd water, 633* 65^, S$ 7 i 
659,660.665,670^ 671 

ViJiAfiiiiiiij 939 

wolfrAm, 34B 
KIadkaj 
uncthyatp Exti 
jiquftmgLriiie* 398 
ball dayip 379 

359^ aSOi sBt 

bulhiios fttoncA, 3071 310^ 31 i* 3>5 
celpuiEp 

idunm dAytj ilziide^ 376 
chfondie, 331* 933* 933^ 411 
difyidberylv €02 
calmnbfic* 937 
iwimduip^ 453. 4M* 455 
ddomitej 401 
dyaluitJC* W 
clAcoUie. €41 
fddtpar^ 3w 

394* 355« 33S 

Binti 4B3 

gnmet, ibniivc. 437^ 

garnetj 604^, 605 

gios Hodl, 431 

BoH IB3-4, IM 
gn^bite, 437 
griikdA(,oaei| 460 
ETDuiid^wAter coaditkixiar 
65? 658,668, 660 
BW-ow. 358, 35 gv W 361 
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batchettolite, ^37 
bcrcyniCTt 599 
bciiWlEf, 

Umeniic» 941 

ioliu, 6 d6 

iiDO oat** *9* 

liyiinit«p gan, 607 
Umrftnno i, 530, 331^ 332 

CMgnctilc, 404-5 
auirblc, 365 
54 S 

inillTtoPCi, 461 
mdybdcnitep 939 
icjdciazilcp 241 
nmliiral gvi^ 140 

oehrc*,445 
pe*i,B4,85 
phqaphBtci^ 47B 
potiory, 370* 379 
pyrrbdiite, 491 
quartziETj onuiDeauJ, 697 
rainiiiU, 650 
rode cryalidr 636 
ulc, 504 
ultpctrCk 4 ™ 

m\i, 606 * 687* 68fi* Ggip 693* 694* 

^5. 

tCMiir, 368.537 

tanliililcj 236 

tile ckyip 317 

tubc-wdlf^ 6^7, 658, 665* 669 
ODdcrn™i^(l wllcr^ 653-^ 657* 
65a, 668. 66g 

viiindium, 352 
woJ&am, 94G 

Midi^ city, iinder^mind MrOtCT* 
669 

Magadi Sqdm Gd., 52D 
miigiDerli, 405, 436 

Magncnui Soodiioaeit 403 
roMgDcrite, 564^ 467^ 4^^ 

Mftipoeute Corpontioa of ladm |jd, 

- S^^aiOAtOr 404 

EOigD^titd, 264-7 
■— broaoidoi 

-— ^ chloride, 473k 51^, SSH* 

-sulphate, 503* 530 

Magqcflum Ei^troa Ltd* 265 
EugiMlJtep rSsp 183, iM* 187* i88j 
i^p 190, 241* 251-2 
MAhadev^ Scnci^ 25* $2 
Maiubuemi DUmofid Mimiig Wor^ 

583 

MahuudJ Vdley ootlScMip 7* ti,, 

= 5 . St 

Mabogala ccikalEcld^ 56k 57 

MiibkLigutiLi Trwt, 93 


tltfDEX 

MilormI coal leaul, 62 
* Mikraji cnod volcuaoei, 94, 95, 96, 
105 

Makrana Eiiiirblc* 334, 363 
Makurn coaiiidd* 54-5 
AuLacbiEe, [46p i^p 
SsaliLmliljCp 01 1 

Mallet* F. R.k 24 > 53 t 54 . 98 . 143. 

167, 22t, 958* 97c^ 271, 993* 454* 
46a* 47a, 54 ti 580 p 

oibeaioap 534 

b^B* 44Bp 450 
humuthp 294 
china dayi 374 
OMl, IS-19 
fcjd™r, 3 fl 7 
E«my«. 39 *. 3# 

»ld, 133 
kyaniiCp 419 
kid* i^>294 
mica, 545 
pUibiunip 143 
ny;iJe* 6 i 8 

Mand ^vcT oDaiSddp ^ 

Mandeday Cold Dred^og Go^j 13G 
Maodhalj LimesiOQep 537 
Mandi, salt* 506* 508 
MiOgalorep tile iodintiy, 317 
mangaaoe* 904-91 

-DTOp itodyi^ 914 

-on: cotupimies, aoB-^ 

-- tr^c* 919-19 

Dwig^ircroiii iron ona^ i0t 


ouflganiie, 210 
manganTTMgnrtilgp 212 

Matotvr 
cbromiiep 233 

^t, 505 

ufiderg^d water. 671 
Mafiaang lignite Ecid* 74 
Mmuek ligcilie idd* 74 
Maobchlarkar ODalfidd^ 51 
izuarble, 341* 343* 363-6 

- , BUiaiyMp 3M 

Mardanpyr ooamddj 37 
maruiitr* 618 

Pivt. 323, 33 ar 3 at 
cwhiooe, 322, 335 
Mar>haU,StrJ.p 308 
Martui & Cd^, 178 

T rfaiiTnp rrf nnCirJ^gj ^ JO /2 

Mmoo, F., 348, S9I, MH 
matticotj 150 
Magniamiini^ E,* 79 
Master, J.M.P 67 
Mathur^ 8. M.* 582 
Maubhander undt^r, xr^ 150 
Maurya poiod* 308, 309, 625 
Mawidu izdoop 171, 9^ 
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Mawlofiff, cod, 

Mmyo adt mine* 4p 
Miyun Devdoptnent Lidp 1:^3, 
MAyiruHAMj 

ubalqa, 534, 536 
duznamexi ie, 419 
^noditqD(^ jLfia 
*100 enTJp 1^8* l6a-^, igi 
Icyaiut^p 4Tg 
Vanojdi&mui m»^ rritr 
MAywUiwjtj Magnoim W<h^ sjO 
moocanite^ 241 

^cdlicoEE, li 36 j 49* S5i S^j 3 % 
319,643 
- ,J. G,, 36 

Mebli, D.IL, 3 ., 360, 374, 387, +50, 

535. 55a . 

nbciooitt, Bia 
mduwtc, 15Q 
isdantmle, 49S 
Mq>de Oil Co^ Ld, 1 li 

iDcmfEy^ 

McHflDl 

Axchipda^, 169 
lizEK^toncSf ^4-5 

ScriMp Ida, 247, 7M 

Mefikp S., 

xqwt^korium, 277, 2&0 
McHKdc ledimciitAfy lockit undis^ 
grcnizMi wmlcTp €57^ 
KbCtabenKmitja^ 533 

Meld Ckiiponitkm driodia Ltd, 140^ 

, * 37 j 

Meuflg iimtttocLCp 432 
Mctka codfidd, 57 
MUawdi coalAeidp m 
-pfsjeet, 677,676 

««». 539-49 

mica Cemtibt Older, 546 

-, «pon*, 540, 54S, 549 

Middlcmiy, C,S., 58, 57, 73, 13), 
•SUr 448, 454 > 4 ^. Sfl 8 *, 535 . S 9 f^ 
^ 595 t m, 63a, ^ 6sT, 6^ 

Mikir Hmi ooiu Kamip 52 
itijlifiTitc ILmeitdtat, 333 
pdlleniCp E4&, 222 
mUljtoati, 461 
Minbd olU>cldp u 
Mrnbyia cilJ^cCVG 
ouneid coloiuip 443-8 

-oUip exports, [ 13, 116 

- --» imports, r 13, 114^ 116 

- producdffiip 703-5 

— ^ itAiisika^ iriiJ^ d* 

- -waien, 565-7 

^--tahiicp 337 

Mim, A. K.p 307 
nm^fTriis^ 2B2 


Mlihmi Hilli, ubatoif ^36 
miipickel (m arwiofiyntc), 291 

SiDoe Traetp 440, 587+ 59*+ 
596, 603, 606^ 6ofll, 6 id^ Eiip 6i2p 
613, 617, S18, 619^ 628p 828, 

8a9p 838.640 ^ ^ 

Mobeojodaroj 1054 S^?! 

423, £21, 627 
Molipaiu codfidd, 3S 
Moldoike^ E. L., 74 
molybdodte, 239 
molybdcfium, 239-^1 
aumadte, 241, 27^ ^^9 

23 a, 283. 3^ 2H5, 286^ 477 
Mdud Nidcd Co. Lid, r45 
' Mtmd ifketd *, 295 
Moolana Ltd, 174 
mautmorLUonite, 55 E 
moonitCKne, j 37 * 61 fl, 628 
MemRp W. Kr, 136 
■rHOTTunr, 3]^ 6£o, 6S9 
Morgsm, A, tT,K 59 ^ 

Morgnji Cnidbk Co.^ 437 
mqrguiilr, 598 
Momuci, P.f 275 
mortatp 323 

MoHibCTi oopper mine, r47i 143 

--— yndtcri 130, 492 

mms agaic, 823 
Motur Scria^ 37p 39 
motddm^ landi, 435-7 
Moulffieio LiRUJtonc, 344 

mDumdn idiliij, 637^ 
mud volcamoa, 94, 915, 96, roj 
MuLerjee, P,N.^ 401, 696 

Mukhexnce, B., 297, 29S 
MuJeti nidlp 32, 334, 337 
midlite, 415, 41& 
nuui, 552 

Multlpurpofo Yamcthiii DisHict 
Project, 678 
Miioo^ I*.* 199, 5B0 
mtirchiionjle; 829 
Muitar, E.Q., f33, l«, 4 * 9 < 47 ^ 
Miutco Scries, 87» ™ 

-Sivi^ik Syalom, 109, 109 
Murchyp M. KnikaAL, 180, t 38 
mmeorite, 539^ 55a 
Mysore 
iLDtimony, 288 

X DLBzioCp 59S 

tM, 535. 536 
EVtaituricef 627 
boicdtf^ 281 
buildiDg sionefp 307, 313 
cbrofOitCp 231-2, 235 
Columbite, 238 

copper^ 151 

OMunduai, 453,455 
dolomiie, 401, 403 
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] noek 


Mwou (mtimuJ) 

S:^dip«r, 3^p 308 

.395* S9® 

garnet, abranvr, 457, 458 
glaw undsf 431 

134-9* *3^ yt4 
gnniu quurno^ 387 
gnphitc, 430, m 
proufu^ wntcr* fija 
mn DRi^ lBs-7t 
iitmi wfirki^ 177, 197^ 
jMpcr* 044 

-^ handed, 624 

37^-0 

lyanitc* 4m 
ladr 

luDiaiana, 3311 
nugocUtc, 405 

m&n^eK, 3061 207* aoB, 2109, 

a]a*ai4jfl[0 
marble, 3^ 
rnica^ MS ^ 

QMazxilc, 378 

nickel* 4aa 

oclmf, 444, 445. 446 

DmuDcniAl twncf^ 367* 368 

piitndtc, G14 

pyiile, 49* 

quATti, sBg 

quBEtnit^ 411 

M oxide, ^5 

■chc^te, 133 

dlUmanile^ 418 

nlver, 140 

‘tOver 431 

dale pcdCilf^ 331 

m-pit^Tnc, 537 

Hda»3i3 

■dils* 687^ 

fpodunienc* 471 

icaiLFOliie, 4^ 

UmUliir^ 336 
tdJurids* iR5» 30a 
wmiculite, 550-* 

Mysore Ghrmiralt Sc FertlUwi Ltd^ 

-ChjwnvIM, aai 

-Irtrd ic St«i Works Liidi iBfip 

193* ifT, 19®. *99r a&^ aogt 
335^ 4 ^^ 

-CPr Ltd^ aoS 

-tnioe^ 133, 126. 127 

-— ^ Rceb KangUDdi Gold Mining 
Co. Ltd* 131 

lucHtc, 531 
Nadd. A., 3^ 

Naff, Sirdir B. S., 676 
Naoa Hilu 
«^S3 

i 


Naoa Hius {(vn(«i^ 
ilaia, 3a] 

Nahofkuliyn uiliidd, roj 
Naliunallii Hibi, ninTall, 649 
fyJamdiidi ocdlfidd^ 53 
Narndjuif-'Ledo ooidlKid. M“S 
Noinma Jjgnite field, 74 
Njininu rLvicr, dluviiu goklj 138 
Nait Tu 

refinery, 3cv, 13B, 139* 140 

imdtjcri IV, ISO, 159^ tai, aS^j 
a 43 i 493 

N|t^ H*, 253, Bm 

■ Np Cf| 44^ 

Napana inxi ^ itecl works, 199 
Ffumyniun, 9, L A-t a^fi* 442, 476, 

Nar^win Cosl Sl Imn Go. Ltd, 36 
Nafi-Khonbm* nnquiM, 843 

Nnri limalotie, 87* 339* 340, 34U 
343 

NiSi Liinc*tjone, 310, 330^ sst* 56S 
Nstn Bmgh Oil Co^i 93 
imdve opppcT, 158 
naiuTAl 103, 104, no, nS-ao 
NsinlyaT, S, 40a, 404, 405 
Nszim tOAlfidld, 53 
Nebni, Jawiharlnl^ 277, 505 
Nellore mica belt, 387, 543 
pcodyiruiini, 9771 28a* 983^ 284 
Nepal 

harylrt, 450 
bbmulk, 994 

coal, 36 
cobalt, 29B 
POTM^i *Sa 
dolomite, 409 
germanium, 998 
niais sands^ 431 
Soiii Bam^i 07 ^ 
licdeaiOii«, 330 
nickel, aia 

p*?**®* „ 

saltpetre, 408 
* 001*699 
line ore, 184* 998 
ncphclioc, 386 
nepbeliiic sycnito^ 386, 438 
mpbrite, 634 

New Wajra iCaiur Diamond Mining 
Go. Ltd, 577 
Neyvdi li^lc fieJd, 70-T 
NitbalscH], W., 123 
nkkol, 9 it -7 

-^ver, 220 

-ipcui, Oil, aaa, aa3, aaB 

* Ni-hard \ 225 
Nijunbnr MiCM Ltd, 193 
NiLonEE Hilu 

garnet, 458 
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Nn^onu Hilij 

pat, 

Nanhalicrm Lmiaiiiae, 510^ 

* Ninvmic * alLd^ 

□iohium^ ^2&-^ 
oimicluUE, 214, 4S6 
rutnsetifpiu rotUizerf, 465 
NViiing, F,, es, fig, (33^ fag, ^5 
iwbite, 43a 

Nmb An^tapur Gold Mints Ltd. 

ija, 149 

NOtE.'m-WfST FajQgmmtt PbjDVqcQi 
Utitaaqy. a^T, au 
uBcnic:, agi-a ^ 

MbatM, 536 
ball cUyi, 37B, 379 
luxixite* afio 

biuidiiM tidofi, 3 tt - 

rh i n a oiyi, 377 
chromite, a^i 
coil* 6&-7 
cc^, 153 
doCoimtc, 4Q2» 404 
gbui VUHk, 43a 

gold, ra5r4 
gnpliiiCp 440 
gypwnt 3&a 
Lran <n^ i ga 
limatcmcv 339. S41 
mif blc^ 3^5, gfifi 
KKrnny^ agg 
dies, 54B 
niclttrlp ^ 

Khrei^ 446 
nfl •Mpagd, 11 1 
n»d caeta), atC 
tfllf 503, S06, 50ft 

UUfs, 3ig 
KMfrtotiep 539 
uwwgrmiTird 671 

novaculite^ 4fa 

midm rc^i^ 476^ 377, fiOo 

Nunimtdiiiti llmesttuic^ 5!^ jog^ 336^ 

339- 34L. 34^* 343.344^36^*^ 

Nukdydrioog gold mine, 133, lafi, 157 

Nmpur lalt mine, 47a 

ObogOD Alten]a.dtm9T ^7 
ochfa niKl Oxides, %43-8 
Obit, Sir W., Ea5 ^ 
oilcapom, 1^3, tt^ 

--imports^ itg, 114^ nfi 

- — — miningp 93-3 

-rdioerics, 114, 1 

-shalu^ C17-JB 

OiLnauM 
Awim, 98-104 
Burma, BS^7 
F^cuiim, 104-ta 
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QtUtOIKr 46a 
Okba i^L works, 303 
Oktiizimiximg Sudinuae, 87, 90, 99 
Okihun, R.D,p 98, 64, 6^ 

-'li T. , 59, 3^ 

oligocluep fa8 
nlivitbC, 364^ 4a4, 607 
onyx, fat, fiaa, fa3 

- -mjirblc> 368 

Ooregmn Mining Oo. Ltd, rafp 

149 

faip fa4 

optkal glMii, 384, 430 
OneDixl Foticncx Led, 377 
0*iaiA 

nitiivial gdld^ 135 
Uf^litt, 47^ 

Mbnuw, 5^ 536 

baidCi iTp afio 

b u i ldin g jtona^ 309* 313 
chTDcntte, 932^ a^y, 419 
ehrysoboyl, fay 
coaj. Up 95-S 
cob^tp aaS 
dixoiDod, 5B0 
dolomitep 399-4«>p 4iJ3 
duznofti^ie, 419 
fetd^w, 387 

394. 395. 39® 

glan mndf. jpg, 431 
gnphiie, 438-^ 
grinditanci, 4fa 
mwmiiep 6^ 
ibnemicp 241 
iftm qrci, 177-83* 191 
tron mribp act 
kaotid, 375 

kyamtet 4T9 

UmntoneSp yafi, 597, yaS 
cnarkfxncac, aofi, ^07* sog, 91 tp 

aia* 9*3, ai4,917, siS 
oij«, 545 

nuoml iprmgi, 585 
EDQnxxjte, 941 
nickelp 994 
oebro, 444 

omameniai itonSp 3^ 
phtUnump 143 
quartXp gfig, 431 
qu&rtzite, 411» 

Tainlklb 650 

rodt cryi^ faj, fafi 

SDap^onCp ygS 

■Qtb. 68fip 6B7, ess, e93> 696 

sUlbitc,369 

tubc^wcDs* 665 

tmdergTOund water* 657* 667* 
$68^ 670 
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vKnu^citna nu^etiu^r 
omtmaitil imd, gSgr-B 
o]pam££kt^ »9i-a 
crtluxlMe, 380, 387 
osmiridJum^ 142, 145 
Guiiump 142, 14^ 14& 

OiHckyp J. iL, 36 
ooddfi rcfr^ctqria, 435'€ 
cncychknide cgrucntt *67, 405^ 557 

FwUi^ip cHl£dd, 53 
Padaun^ CUyit 86, 67^ go 

24^ 

* pAgpda stppc 624 

Paifli Fedennwn w Indiiip 447, 450 
paint VMtirkip 447 
PAxoTAy, £a^ 

^ cement vwfaji 556 

pc«i,a^ 
oil, ID^p 104 

ivAtEf pwer pirqki?a» 677* ^7® 
water vupplyj uhlttm^otlgi 

pAXHTA.'fp West 

Elump 497 ^ ^ . 

ammonium nupoaKp 4^3 
indmcuiyt 2B7,2ga 
anenic^ ngt* 992 
asbeatm, 336 
ball dayi, 379 

baryta, 
bauxilcj 260 
be^b54fi 

buildip^ itnnap 31 t-i3 
czldutCp 552-3 
eimucaii worba» 35^ 
china dayi, 377 
dimoitep 231»233 
cumabar, 299 
cmI. 59 ^T 

canper, 155 
ddofxutct 4^r 4^4 
fc^dfpar, omamcatab 528 
fircdayip 394 
eint. 

fluonte, 293, 356 
fuBor^i ortb, 551, 333 
glaa sandi, 431-2 
gUnconltCj 571 
gold, iM, *33,136 
gr^hite, 440 ^ 

Bypwum, 359 > 3 ™V 3“*-3 
hydrn-ricdtiic polennaa, 077 
itoQ and flod plxnl, tgo 
iron oteip 19P 
iron pyritoi, 4W 
^jnjaiaaiOr 338-45 
bthogropbic iHJoa, 368 
manganw, fll3 


FAHStAff, Wkt (emimitd) 
marble, 3653 366 
micap ^ 

mincrai tpnn^it 5^ 5®® 
natural lit, 119 
nkkel^ 222 
odira, 444, 446 
nil ibaio, 1 e 8 
pc*435 

petroleum, 103-12 
pctrolrmnLpfoipectSp ui-12 
pnttecyp 370 
prdmnjCp 53)8 

rainfaU, 8^ 
mad mctu, 3x4, 316 
rock crystnl, 5w 
rock phdif^la, 47S 
*•1*, SM, 3<^ 5ft4, 

■altpetre, 46a 

lUtQp 3T9 
loapttnne, 399 

■od*.S«4.5»7-J9 . , 

mOi, 691, 6^, 693-6 

itraniimllc^ 561 
lulphur, 

water power prqjccti, 677-& 
water ruppiy, Potwar Ftateau, £6 t 
i^kistlUl Industrial Drydf^pment 
CnrpontiQp, itOp 190 
Pakuian OiiEdcU Lbip 1 lo 
"— Pcti!olcMii!i On. Ltd, tit^ rig 
Falamau cnaUicldi^ 23-4 
Palana lignite ficidp 7a 
Falanjm wlfieldt 94 
panadtiini, 142, 144, HS ^ 
PaDchbhadra lake, 516 
Panchbbjuni cnalmd, 34 
P&nchct Series^ 13, 33^ 41 
Panjal Volcanic Soiei, 462 
Pamaung Valley coalbddp S7 
Panna, diamonds, 30x 
Panna Diamond Mxaing SyndlcatOp 
5®3 

Papuhni Seri^ 449, 579 
pmm wax, qi, 94, 100, 113, 114 
Parekh Vnrwu SyodinatCp 2B7 
Pari* White, 322 

94 . 96.9S. * 9 *t 

laj. 378. 363 » 66a, 7«» 

Pathakjicfa cnalfielclp 3)6 
Fathaiia antidinep 102 
Patlala 9t K, PimjAi SrrATn 
barytes, 430 

oorpner, 152 

*3S 

irorn OKS, igo 
kyanitie, gemt6o7 

339 p 335 
marfak, 363 
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Patiala & 'PvjfjAm Stat» Umcm 
ni^ M3 

ITLillftOll«X» 461 
pyritcp4^i 
rutilCi &17 
saltpctrcj 46® 
tubiSrwdii.^ 664, GG5 

K cnonitc, 

yMp C.J.,6 i 9 
pest, 

pebbles, mill, 469 
^PeguJ«rt\ 37a 
Pe^u Syitenip 86, 67. Bg 90^ 

-- undagrouM wmier, 661- 

63 

r —,y^™p ^ ®75* 70^ 

Pem Umaiaacs, 31T 
Pench VnQey, cooiBcbb, 59, 40 
PmicfiJftr Mipcnib C*. gf Mywe 
Ltd,so8 

peailfeoditCp 14S, a^s 

Prov»l,F, G.p tjs* 

pcmlacioo welb^ 84B 

Pefelrt+ F* X.» ^ 3ani Ltd, *43^ ^79 

paidw, 4D6 

peridot, 6 p^ 

PefidiHCKrboiiiraous JtittatofKSk 345 
pcrthite, 3&7 
ivniDLBUM, 63-116 
Anmip 9 ^ 103 , 104 
BAurmap 86-97 
Odkc, [w 
pqwrtLp Jig, iiB 
mpom, 113, IJ4, I [6 
nktitju, i 

proroeca, 103-4* iti-ia 
trade, tia-if 
pevrier, 089 
pbenadtep €17 

539t 54i* 5+5 

(dtMpfaain, *74-5:1 
rtw^wits, 479 
poApbomi, 4B[ 
picdoKMLtitC^ 6l^3r 639 
W ifon ptoducrioap rg9 
I^K, Shun. 369 
nuici^otk Btm, Ltd, 417 
PilklpE.K,R.,6m 
l^nTdid, E. 5> xxiii* 104* im. ipfi 
tit, iia 

Frawa- Ma^Mia Worb, 406, 479. 
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pipe day, 378 
piitudte \ 613 
pucbblezidc, a 73, 374 
pUnna, 623 

of Parii, S45, 357, ^ 

™te«i Umaiasie, aSS* 343, 7*1 
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platoiUED:, 14^^ 

idwuute, 59a * 

plumbagOj Kc gnmliitc 
^i nni i iro p a77* aea, aSa 

J-. 5 t* 

podtcJixalHJfip 699 
pdiurite* VTO 
poUucite*30t p 

polyhaUtc, 473 
Ihxidausg Sftfidiiane, 86* 88 
PoKDtCflXUV 

artesUn wafier, 636 
Jigjilor, 69-70 
litflnfimeii 3 sa 
Fbosp^mta, 478* 479 
PorbaadAT Stone, 31^ 3M, 333, 347 

porailanile, 463 
pofphyritr^ accomiivc^ 367 
I\»tlawl oonentp 334, 343-36 
PortoiiovD Sled liw U.f 176 
pCHtadi dump 497 
puiBJijiini luoe^ep 556* 360 
— chldri^p 467, 473* 356* 339 

-nitrmle, 467^ 

■—- lulpbaie, ^ 
poutofiep ^7, 368„ 44a. 3*4 
poticrirs^ 361-5 

poner^i cudu and dayl^ 369-71 
rahw PUtcaUr 106* 1564 339, 
water iu^y, 66f 
PoweU^ A, R.j 398 

PaweJL iJuffiryii Tcdmlcal SsTtrei 
Ltd, lUifidon* 70 
gOEagbuia^ 346 
FtJtkjbh, S., si47 
IVauMtA'Godavin Belt, 44* 657 
praie, 633 

pmK^ymiiim, 877, ^6^ 
pmdoiii itofio, 375-606 
pTchutOcic glaa worki* 487 

-- pottery* 369 

Pfdimtc, 6r6, 636 
ftiiwep^J.. 14a 

rnofpXp la^ 

l^rodiijqt^ Lifivaimie* 336* 341 
pulgmelane, aog> aio» alt* aia, ai3 
ptmuce, 463 

Ptmj^ EAir 
anbundny, ^87 
bliinuibp"a94 
tapper* i5fl 
adomite, 40I 
fitiOritc, 556 

ejjg-'” 

litncituacfi, 333, 334, 335 
muicral iprio^ 566 
ochj^ 446 
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INDEX 


PuTijAM^ East (emtitmcJ) 

431 

iTwd cukctd^ 31^ 

ultpirtiT!, 4^ 

aUi£ 9 , 319, 3^20 
Miil^ 690, tai, 6m, 690 
tubc-weUf;^ G65 
PlDQAS, WliT 

Bohy^ti^ 36] 
odfisdu^ 5^ 
wnmi* 3516 
chicw clii% 377 
cokl, 

dolomite^ ^Mp 404 
fireciJiyK ™ 
glui uadi, 43 t-s 
^juuitKiiitic, 571 
8OI0, »M. >» 
arpwmp 358. 359 > 36 *-a 
bvi 190 
l imci l nTO i. 338^, 34* 
liihognphic 567 

nuj^lr, 366 

446 

flO thalcp iiS 
pwalcum, 103-10 
plicrohftijcs, 47ft 
ujaulU, Gw 
rood DKtiiJ, 315P 3*8 
nick crytuL, 8a€ 

pall, jWp 50M 

tfdipeire, 4S8 

loiK Gm, 691, 

Canal Ltllks^ G78 

—— F^cUand Cem^l Co. Lid, 53® 

PurijS. N.pso _ 

Puma baaup Ecrar, unoergrouaa 
waWp G'jq 

Pyawbwe Suge, 87. 9a 
Pyrnsw DcvdotMiai* Go. Ltd, 91 
pymgyritf, isfli 158^ aSep 
pyritE, 45, lag, * 33 i 14^ * 3 *!! * 5 ^* 
lyti aaa, a4ffp 2^7* 490^ 49 * 
pyrochloTt, 237 
pyniZuui£| am, att^ aia 
pyronam^tr, 158 
pyropc,ep3,^ 
pyiopbonic aSj 

pyrn^yUIcE, 5a4, 528 

pyrmoiitc, ]4fi, 15a* aMp 4®i 

{^AX»p 

bamule, 360 

Iwotnu, 337^ 339 < 33 <v 333 | 333 . 

336,3^7^ ... 

quaftying tnduitry, adu, giv 
quAita, 388^1 

-, dudcMOfiif, 621-4 

--j cryicaniiie, G 5 iS -7 


91 * 

& 


qiia 4 tz, diaphanous, 

mw. 6251 “7 

= -imokyp 625.. 6a6 

-, yellow^ 623 

;uartzib=ip aiulyscs, 411 

lurTTA 

'puntfd pottery, 370 
it^DUp LunatCKMSt 34 ** 
water nipplyi 6^9 
quiddimcp 333 

RlidinJ Doabp 696 
R^dbakHduim B. Rj JB7. 376* 55 ^* 
indiHctivc bc^opex, 277 
radioactivity^ 275 
fadlun^ 275, 277 
Rahman, f&bib, 136 
Rtiialo LinuaiarK, 3G4 
Ruclmr Dwb, 1^, 130^ 5 P 4 
Itaigajh coalG^r 35 
R^ah iDdiutrifitp 394 
fLAjAimu-f 

uum ahalcp 497 
aadahuitOp 
apatiiCp 47^7 
UpalStOp g'BO, OTO 

aquatoannct 598 
ubcattjBp 535. 5S® 
ball ckya, 379 
baryta, 4^1 450 
bawtct ™ 
benuxkite, ^53 
becyl afift, 069, ayo 
brctmncriTe, 404 
buLkt^ iUBKi, 3091 3m 
c a dmu i m p 296 
eaklte, 322 
dixyiob^lt 603 

ttbaltp istt a27-0pSl3O 

coluRkbiEc-timtalitr, 237 

copper, I 5 L * 5 + 

copper idphaic, 496 

decorative atoncip 36O 

doXi^te^ 400, 40li 4C^ 

emerald, 599-602 

cpidoic, 614 

feldjpar, 386-8 

ferclayi, 395 

ftuorile, 55 * 

fuUer'i earth, 552 

garnet, abrarivr, 457* 458j 459 

gamet, ganp 604, 6c^ 

glau laiWi 430^* 

gmplniep 438, ^ 

gyouiid wajbeTj 608 

gjTMum, IJS, 359, 360 

idocraK, 014, 8^ 

kaoUn, 376 

kadp T37 
libethenite, 246 


/ 
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RAjATnuH (cgntiinfrf) 
lifiait*, TS 

334 , 335 

jimoignphic tioxu^ j07 
uu^naitr^ 41^ 
i™rWci 3 ^- 4 t 366 
m*a, 543 , 544, 543 
imllitaiiaT 461 
moiybdefiite;^ 23^ 
motildiiig uzkdi, 437 
iiM±di 

odiTW. 44^446 

onuunmiiu lianOh 3^ 
pointed pottCfY? ST^ 
qUATU, 3^9 
raia£il4 6^^ 666 
tocitciTati, €06 
njdlcr 6x7 

nlvcT, 140 

vlAleSr 

iodA, 513-16 
■odalitep 6f} 
soOf, 691, £95-6 
fphcDtp 619 

itAmick|il«r 46 op 609, 640 
5»6^ 531 
tfaulitCj, 641 
inirmilin«p 595 
tnptiur^ 246 
tube-wdli, £65 
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